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THE D-1 SATELLITE 

The scheduled launching of the French tes t  s a t e l l i t e  D-lA, 

t h e  first of t h e  D-1 geodetic s e r i e s  placed i n t o  o r b i t  by 

the  18-ton Diamant three-stage launch vehicle, i s  described 

i n  a Press release. 

transmit telemetry data on operation i n  space of both booster 

and s a t e l l i t e ,  including temperature, voltage, and s o l a r  c e l l  

functioning. Conception, developrileiit, arid pre- lszazh g x u n d  

t e s t i n g  are reviewed, with detai led descr ip t ion  of s t r u c t u r a l  

d e t a i l s  and o r b i t a l  parameters. The expected p l u s  count af ter  

T-time, beyond separat ion of t h e  sa te l l i t e  from the  instrument 

capsule i s  given, and data work-up schedules are l i s t e d .  

A separate instrument capsule i s  t o  
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I INTRODUCTION Lz 

The first French technical  research s a t e l l i t e ,  D-lA, constructed by t h e  

National Center f o r  Space Studies (CNES), w i l l  be placed i n  o r b i t  i n  t h e  very 

near future ,  using t h e  French launch vehicle "Diamant". 

search and Development of B a l l i s t i c  Rockets (SEREB) has been charged with super- 

vis ion of t h e  launch vehicle and t h e  launching i t s e l f ,  ivlder t h e  auspices of t h e  

Minis te r ia l  Delegation f o r  weapons (DKA) The launching i s  scheduled f o r  Febru- 

a r y  io ,  iyoo ,  at t h e  I ~ ~ W G L  I------ " i c e  TL- rvotrrrb i n n  rnnfar yy-.I-- f o ~  special rockets (CIEES), 

from t h e  French military launching base i n  Hammaguir (Algeria).  

The Society f o r  Re- 

- - / /  

T h i s  w i l l  be t h e  second time t h a t  a Diamant will be f i r e d .  It i s  known 

t h a t  on November 26, 1965, a t  t h e  f i r s t  t e s t  f i r i n g  and under prescribed condi- 

t ions ,  t h e  Diamant No.1 functioned perfectly,  proving t h a t  it i s  ab le  t o  place 

a payload i n t o  o r b i t .  

The D-1A W i l l  be t h e  second s a t e l l i t e  t h a t  t h e  CIJES has placed i n  o r b i t ;  i n  

f a c t ,  t h e  CI\JEs also designed t h e  first French s c i e n t i f i c  satell i te,  known as the  

FR-1 and successful ly  launched on December 6, 1965 from Vandenberg Base i n  Cali- 

fornia ,  with a Scout rocket. 

The coming launching w i l l  i n i t i a t e  a new phase of t h e  National Space Pro- 

gram, which will include t h e  launching of research satel l i tes  of t h e  CNES by t h e  

French launch vehicle  Diamant. 

ordered by the  SEREB, i n  conformity with t h e  C"3-IE4A agreement of Yay 9, 1962. 

The t h r e e  corresponding payloads cons t i tu te  t h e  D-1 program; they a r e  desig- 

nated, respectively,  D-lA, D-IB, and D-1C. 

these Will be used f o r  t e s t i n g  t h e  operation of t h e  launch vehicle;  a t  t h e  same 

time, they W i l l  provide f o r  space t e s t i n g  of equipment of French manufacture, 

A t  present, th ree  Diamant boosters have been 

A s  s t i p u l a t e d  i n  t h e  agreement, 



comprising t h e  bas ic  elements of space technology. 

w i l l  permit s c i e n t i f i c  explo i ta t ion  of measurements, spec i f i ca l ly  i n  t h e  f i e l d  

of geodesy. Some launchings within this program a l s o  Will comprise t h e  t e s t i n g  

and f u r t h e r  development of a l l  French launching f a c i l i t i e s  f o r  a s a t e l l i t e ,  ob- 

ta in ing  i t s  l i n e  of pos i t i on  i n  space, and es tab l i sh ing  communication with t h e  

vehicle  i n  o r b i t ,  f a c i l i t i e s  t h a t  belong t o  t h e  DNA and CITES, respect ively.  

Final ly ,  these  launchings 

/6 
The payload of t h e  Diamant No.2 will be 40 kg; t h e  scheduled o r b i t  W i l l  be 

505 km a t  perigee,  2695 ~IXI a t  apogee, and will have an i n c l i n a t i o n  of 3' t o  

t h e  Equator. The satel l i te  i s  fed by 

s o l a r  energy and i t s  expected l i f e  i s  considerable; no doubt i t s  l i f e t i m e  W i l l  

be l i n i t e d  only  by poss ib le  f a i l u r e  of t h e  onboard equipment. 

t h e  payload (instrument capsule) is t o  ob ta in  measurements on t h e  booster  i tself  

and on t h e  i n s e r t i o n  i n t o  o r b i t .  This capsule, fed by b a t t e r i e s ,  w i l l  operate  

only f o r  t h e  required time, which i s  about 20 min. 

The satel l i te  D-U i t s e l f  weighs 19 kg. 

The remainder of 

The program of t h e  satellites D-1 i s  placed under t h e  auspices of t h e  Sat- 

e l l i t e  Division of t h e  CNES. 

J.-P.Guinard. 

b i l i t y  of  J.-P.l,de Lamzre. 

s c i e n t i f i c  and technica l  management of CNES has pa r t i c ipa t ed  i n  t h e  conception, 

r ea l i za t ion ,  and t e s t i n g  of t h e  s a t e l l i t e s  D-1 and Will p a r t i c i p a t e  e i t h e r  i n  

t h e  launching i t s e l f  o r  i n  t h e i r  u t i l i z a t i o n .  

The person responsible  f o r  t h e  s a t e l l i t e  D-1A i s  

The s c i e n t i f i c  mission o f  t h e  satell i tes D-1 i s  t h e  responsi- 

I n  f ac t ,  p rac t i ca l ly  the  e n t i r e  personnel of t h e  

11. DEFINITION OF THE SATELLITE 

The D-lA, whose function i s  t o  provide space tes ts  of bas ic  elements of  

space technology, has been conceived f o r  furnishing a m a x i m u m  of  data desp i t e  

i t s  low weight, i n t en t iona l ly  l imited t o  20 kg. This extreme l igh tness  i n  

2 



weight i s  not synonymous with simplicity;  ra ther ,  it ind ica t e s  t h e  degree of 

technica l  refinement obtained. 

A t  t h e  incept ion of t h e  pro jec t ,  a t  t h e  beginning of 1963, not  one o f  t h e  

equipment placed on board had been i n  existence i n  France. The e n t i r e  ins t ru-  

mentati-on has been t h e  result of research contracts  and, l a t e r ,  o f  development 

cont rac ts  l e t  t o  French industry.  

jected t h e  equipment t o  numerous experinents and tests; it can be stated t h a t ,  

i n  t h e  majori ty  of cases, considerable technological  progress has been made i n  

t h e  respect ive f i e l d s .  

F i r s t  t h e  manufacturer and then  t h e  CNES sub- 

A t  t h e  time, France had no high-output photovoltaic generators,  no t ight& 

rechargeable ba t t e r i e s ,  no low-consumption e lec t ronic  c i r c u i t s ,  no t ransmi t te rs  

and no converters of t h e  necessary high output under t h e  requirements posed by 

weight and safety,  no high-stabi l i ty  quartz clock, and no s t ruc tu res  tha t ,  

simultaneously, were rugged and l i g h t  i n  weight. 

This vast program, developed under t h e  combined e f f o r t s  of  t h e  CNES and 

numerous i n d u s t r i a l  firms, w i l l  f ind  its culmination i n  t h e  ac tua l  t es t  of t h e  

D-1A under t h e  rigorous conditions of space f l i g h t .  

2.1 S t ruc ture  

The satel l i te  D-1A has t h e  form o f  a cyl inder  of about 50 cm diameter and 

20 cm height, whose two c i r c u l a r  faces, both upper and lower, are closed o f f  by 

a truncated-cone cap. 

l a t e d  panels  of  4.2 cm length  and 21 cm width, carrying t h e  s o l a r  b a t t e r i e s .  

t h e  upper cap, four telemetering and telecommunication antennas of about '75 cn 

height are mounted; another antenna of  20 cm length i s  i n s t a l l e d  along t h e  

longi tudina l  a z i s  of t h e  satell i te.  

The lower f loor  i s  provided with fou r  rectangular  a r t icu-  

To 

The height of t h e  satell i te,  i n  o r b i t a l  
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configuration, i s  1.27 m and i t s  overal l  diameter i s  1.15 m. 

The s t ruc tu re  of t h e  s a t e l l i t e  i s  composed of a f ixed  c e n t r a l  por t ion  and 

of nobi le  port ions which are represented by t h e  s o l a r  panels, t h e  antennas, and 

t h e  connecting s t r i p  with t h e  instrument capsule. 

The f ixed  por t ion  of t h e  m e t a l  frame i s  bas i ca l ly  composed of a cen t r a l  

tube t h a t  supports t h e  e n t i r e  s t ruc ture  and t ransmi ts  t h e  t h r u s t  from t h e  rocket 

t o  t h e  satell i te,  as w e l l  as of a platform f o r  carrying t h e  e l ec t ron ic  equipment, 

suspended by four  t i e  rods f r o m  t h e  central  tube. 

The cen t r a l  body i s  formed by a truncated cone, topped by a cylinder,  all 

of which i s  made of machined magnesium. 

t o  permit contact with t h e  t h i r d  stage of t h e  launch vehicle,  and i s  used as 

support f o r  t h e  spr ing base f o r  separation of t h e  instrument capsule from t h e  

satel l i te  . 

A t  t h e  base, t h i s  c e n t r a l  body diverges 

The platform i s  designed i n  honeycomb s t ruc tu re .  The periphery i s  provided 

with f i t t i n g s  t o  which t h e  four  s o l a r  panels are hinged, at  t h e  same point  a t  /8 
which t h e  stay rods of t h e  platform are a t tached.  

t h e  forces  produced by deployment of the panels. 

Thus, t h e  l a t te r  a l so  absorb 

These two p r inc ipa l  s t r u c t u r a l  elements car ry  a l l  secondary elements: t h e  

upper platform, t h e  ferrule t h a t  closes the  sa te l l i t e  o f f  laterally, t h e  lower 

f a i r i n g  intended mainly t o  contr ibute  t o  t h e  thermal cont ro l  of  t h e  s a t e l l i t e ,  

t he  upper f a i r i n g  carrying t h e  antennas, and t h e  cap t h a t  c loses  of f  t h e  c e n t r a l  

tube a t  i t s  upper pa r t .  

The mobile port ions,  exterior t o  t h e  body of  t h e  satell i te,  ra i sed  d i f f i -  

c u l t  problems. 

t h e  nose cone of t he  rocket and thus overlap each other ,  forming a highly r i g i d  

pyramid. 

The s o l a r  panels  a r e  folded upward while t h e  satel l i te  i s  within 

The panels are maintained i n  t h i s  pos i t i on  by fou r  s t re tched  metal 



cables  which connect each panel t o  a cent ra l  po in t  of  t h e  cap. 

device frees the  four  cables a t  a prescribed i n s t a n t ;  a t  this time, t h e  s o l a r  

panels  will deploy under t h e  e f fec t  of t h e  cen t r i fuga l  force.  I n  o r b i t a l  con- 

f igurat ion,  they are inc l ined  by 450 t o  t h e  satel l i te  axis. The panels are 

f reed  only after a yo-yo system has reduced t h e  ve loc i ty  of  ro t a t ion  of t h e  

t h i r d  rocket stage,  t o  which t h e  satell i te i s  s t i l l  a t tached over  t h e  instrument 

capsule. Thus, these  panels deploy at a ve loc i ty  of  r o t a t i o n  of 30 rpm; t h e  

time of  deployment i s  one second. The opening shock on t h e  hinge f i t t i n g  i s  

damped by a f l e x i b l e  %andwich" material, placed between t h e  panel and t h e  arti- 

cu la t ion  s t rap .  

A pyrotechnic 

The fou r  swivel antennas f o r  telemetering and remote con t ro l  are mounted t o  

Ehch antenna, weighing 90 gm, cons is t s  of a brass  tube of  0.2 m t h e  upper cap. 

thickness  and 505 m length. 

which p e d t s  an inc l ina t ion  toward t h e  s a t e l l i t e  a x i s  while they are s t i l l  

within t h e  cone of  t h e  t h i r d  rocket stage. 

These r ig id  tubes are a r t i c u l a t e d  at  t h e i r  base, 

The 400-m~ antenna (second frequency f o r  Doppler e f f e c t  measurements) con- 

sists o f  a r ad ia t ing  rod, mounted along t h e  longi tudina l  axis of the  satel l i te .  

Since t h e  separat ion of t h e  s a t e l l i t e  from t h e  instrument capsule takes  

place after deployment of  t h e  solar panels, it i s  of importance t h a t  t h e  separa- 

t i o n  s t r i p ,  connecting t h e  two orb i t ing  masses, W i l l  not damage t h e  panels. The 

f i n a l  design of t h e  s t r i p ,  after numerous tests, i s  of  a r i g i d  construction. & 
The s t r i p  cons i s t s  of  th ree  par t s ,  linked by th ree  explosive bol t s ,  which keep 

t h e  s t r i p  squeezed between t h e  s a t e l l i t e  and t h e  capsule during t h e  en t i r e  

launching period. 

To permit proper separation, the  th ree  p a r t s  of t h e  s t r i p  are rap id ly  

ejected,  far from t h e  f ixed portions.  The expansion of a s ing le  h e l i c a l  spr ing 

5 



imparts t h e  necessary supplementary velocity t o  t h e  sa te l l i t e  t o  have it move 

away a c e r t a i n  d is tance  from t h e  instrument capsule. 

2.2 S t a b i l i z a t i o n  and Eaui l ibra t ion  

It i s  well known tha t ,  f o r  accurately def ining t h e  d i r ec t ion  of i n s e r t i o n  

i n t o  o r b i t  of t h e  s a t e l l i t e ,  t he  en t i re  un i t  cons is t ing  of  t h e  empty second 

stage,  t h e  t h i r d  stage,  t h e  instrument capsule, and t h e  sa te l l i t e  i s  made t o  ro- 

ta te  a t  270 rpm (4.5 rps) i n  a preselected d i r ec t ion ,  by t h e  guiding system of 

t h e  second stage.  

i s  f i r ed .  

serving this ro t a t iona l  veloci ty;  t h i s  was done i n  t h e  A-1 s a t e l l i t e .  

this involves some r i s k  a t  t h e  in s t an t  of deployment of t h e  appendages ( s o l a r  

panels and antennas) which a r e  subjected t o  considerable cent r i fuga l  fo rces  a t  

this moment. 

T h i s  l a t te r  then separates from t h e  rest, and t h e  t h i r d  s tage  

The satel l i te  could be separated f r o m  t h e  t h i r d  stage,  while con- 

However, 

I n  t h e  case of t h e  D-1 s a t e l l i t e ,  it was decided t o  decelerate  t h i s  rota- 

t i o n  to  a lower value of 30 rpm (half  a t u r n  p e r  second) suf f ic ien t  f o r  main- 

taining t h e  D-1 axis  i n  a f ixed  posit ion.  Thus, t h e  satel l i te  behaves l i k e  a 

e;yroscope i n  space. 

which i s  mounted t o  the  instrument capsule: 

hoop a t  d iamet r ica l ly  opposed points ,  a r e  a t tached t o  t h e  extremity o f  bands 

wound on t h i s  hoop. 

which frees t h e  masses. 

move away from t h e  body of t h e  capsule and unwind t h e  bands, thus increas ing  t h e  

moment of  i n e r t i a  of t h e  e n t i r e  assembly and reducing t h e  ro t a t iona l  speed at  a 

corresponding r a t i o  ( j u s t  as a skater extends h i s  arms t o  stop).  The o t h e r  ex- 

tremity of t h e  bands i s  not f ixed but loose ly  retained i n  a notch o r  s l o t ,  so 

This deceleration i s  obtained by a so-called yo-yo system, 

Two masses, attached t o  an  e x t e r i o r  

A t  t he  proper instant ,  a t imer  f i res  a pyrotechnic system 

Under t h e  e f fec t  of cen t r i fuga l  force, these  masses 
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t h a t  it i s  f reed  at t h e  end of deployment. 

0.26 sec and exerts a considerable force on t h e  bands and on t h e  capsule. 

The e n t i r e  operat ion t akes  only 

The decelerat ion system obviously depends on t h e  moments of  i n e r t i a  of /10 
t h e  system, before and after fallaway of t h e  yo-yo. 

made during t h e  tests. 

Accurate measurements are 

On t h e  o ther  hand, t o  have the  satel l i te  behave as a regular  gym,  it must 

be balanced about i t s  a x i s  of  ro ta t ion ;  t h e  corresponding s t a t i c  and dynamic 

balancing operations a l s o  form p a r t  of t h e  t es t  program. For t h i s ,  counter- 

weights are added, i n  a manner similar t o  t h a t  used i n  balancing an automobile 

wheel, except much more accurately.  

Naturally, t h e  unavoidable (although weak) e f f e c t  of per turba t ion  couples 

exerted on t h e  o r b i t  of t h e  D-1 (aerodynamic drag, i n t e r a c t i o n  between t h e  

ear th 's  magnetic f i e l d  and t h e  s t r a y  currents on board t h e  sa te l l i t e  o r  with t h e  

magnetized masses present  on board) dll necessar i ly  lead  t o  a precession, i..e., 

a s l o w  o s c i l l a t i o n  of t h e  s a t e l l i t e  ax is  about t h e  i n i t i a l  a x i s  of  ro ta t ion .  To 

keep t h e  system stable ,  t h e  moment of i n e r t i a  of t h e  desired axis  of r o t a t i o n  

must be g rea t e r  than t h a t  obtained with respect  t o  any e t h e r  axis ( t h e  i d e a l  

form, as f o r  a spinning top, i s  t h a t  o f  a f la t  c o i l ) .  

an  important role i n  determining t h e  pos i t ion  of t h e  s o l a r  panels a f t e r  deploy- 

ment. 

This condition has played 

On t h e  o ther  hand, t h e  amount of magnetic materials has been reduced t o  a 

minhum, and t h e  t o t a l  res idua l  magnetic moment of t h e  s a t e l l i t e  was measured 

ca re fu l ly  i n  a special ized laboratory. 

2.3 Electronic  Equipment 

Kost of t h e  e l ec t ron ic  instruments were designed i n  the  form of rectangular  
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modules of i d e n t i c a l  dimensions ( s ides  of 122 o r  200 mm; height of 33 mm). 

Twelve modules i n  a l l  a r e  placed inside the  s a t e l l i t e ,  mounted t o  t h e  lower 

platform i n  groups of three.  

aluminum a l loy ,  housing a c e r t a i n  e lectronic  instrument, and accurately kept i n  

p lace  by means of p l a s t i c  foam foamed i n  s i t u  and e n t i r e l y  f i l l i n g  t h e  box. 

Each module cons is t s  of a metal casing made of 

It has been l e f t  t o  t h e  d iscre t ion  of each i n d u s t r i a l  contractor  t o  choose 

t h e  technology with which he i s  most famil iar .  For this reason, some of t h e  

cont rac tors  used pr in ted  c i r c u i t s  i n  which they were most experienced, w h i l e  /11 

others  prefer red  soldered c i r c u i t s .  

2 .!+ Data Transmission 

Over t h e  e n t i r e  duration of  t h e  f l i gh t ,  t h e  telemetering equipment trans- 

mits back t o  ea r th  not only t h e  r e su l t s  of technological experiments on t h e  

s o l a r  c e l l s  but  a l so  a s e r i e s  of da ta  on operation of t h e  equipment i n  space en- 

vironment. 

This da t a  transmission i s  qui te  complete, including temperature, voltage, 

and current  measurements. Each datum i s  transmitted once by telemetry cycle.  

2.1+.1 Temperature Measurements 

The following measurements were taken: 

temperature of t h e  s o l a r  panels; 

temperature of t h e  b a t t e r i e s ;  

temperature of t he  cen t r a l  casing of t h e  h igh-s tab i l i ty  o s c i l l a t o r ;  

temperature of t h e  s a t e l l i t e  s t ruc ture .  

The sensors comprise thermistors pasted t o  t h e  elements of which t h e  tem- 

pera ture  i s  t o  be measured; t h e  accuracy i s  within +3%. 
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2.4.2 Voltage Measurements 

The following measurements were taken: 

voltage at  t h e  terminals of the four  b a t t e r y  elements and the  t o t a l  out- 

pu t  voltage of t h e  ba t te ry ;  

voltage at t h e  terminals of the overcharge control;  

voltage a t  t h e  terminals of the two converters; 

voltage of t h e  thermostat of the high-stabi l i ty  o s c i l l a t o r ;  /12 
voltage of t h e  automatic gain control  of the  150 and 40C-m~ trans-  

m i t t e r s ;  

voltage a t  t h e  terminals of the remote-control receiver.  

These measurements are made possible by t h e  use of r e s i s t i v e  voltage di- 

viders  which prevent a possible  shor t  c i r c u i t  i n  t h e  telemetry system from in- 

t e r f e r i n g  with the  feed c i r c u i t s  themselves. The accuracy of the  pickups i s  *l%. 

2.4.3 I n t e n s i t y  Measurements 

The following measurements are made: 

current i n t e n s i t y  of t h e  battery; 

current  i n t e n s i t y  of t h e  solar  generator.  

The o v e r a l l  accuracy of the  pickup and of t h e  amplif ier  i s  +5%. 

2.5 Thermal Control 

In space, t h e  s a t e l l i t e  exchanges thermal energy only i n  t h e  form of radia- 

t ion .  

roughly, as a black body at  about -2OOC. 

l i t e  e i t h e r  d i r e c t l y  when some areas of i t s  surface are il luminated, o r  indi-  

r e c t l y  when t h e  l i g h t  i s  re f lec ted  or diffused by t h e  ear th ,  by t h e  high atmos- 

Energy i s  received from t h e  sun but a l s o  from the e a r t h  which behaves, 

This energy i s  imparted t o  the  sa te l -  
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phere, and by clouds, o r  e l s e  when t h e  s o l a r  panels are deployed and furn ish  

e l e c t r i c  current .  

The s a t e l l i t e ,  i n  turn,  emits a cha rac t e r i s t i c  thermal rad ia t ion ;  i n  addi- 

t ion,  t h e  sa te l l i t e  must d i s s i p a t e  the  excess energy t h a t  it might receive ( i n  

the  form of t h e  Joule e f f ec t )  from the  i n t e r i o r  e l e c t r i c  c i r c u i t s  when these are 

operating o r  from t h e  s o l a r  panels when t h e i r  i l luminat ion i s  m a x i m a l .  

Depending on whether t h e  exchange balance i s  pos i t i ve  o r  negative,  t he  /13 
temperature of t he  sa te l l i t e  will r i s e  o r  drop; t h e  problem of thermal cont ro l  

cons is t s  i n  maintaining this temperature, i n  a l l  poss ib le  cases, within limits 

selected i n  advance. I n  general, these limits are imposed by t h e  e lec t ronic  

equipment which operate s a t i s f a c t o r i l y  between approximately -10" and +bo0 C.  

The s a t e l l i t e  D-1 a l so  contains an o s c i l l a t o r  whose quartz c r y s t a l  i s  main- 

tained a t  a temperature of 6OoC t o  within a few thousandths of a degree, an ac- 

curacy t h a t  can be obtained only by an ac t ive  control ,  using an e l e c t r i c  cont ro l  

current  s en t  through a filament resistance.  This l a t t e r  must discharge continu- 

ously and thus tap a c e r t a i n  e l e c t r i c  power from the  ba t t e ry  (0.650 w). 

It i s  impossible t o  use the  same technique f o r  t h e  e n t i r e  s a t e l l i t e .  

required power would necess i ta te  a considerable increase i n  t h e  surface covered 

by t h e  s o l a r  c e l l s  and an excessive increase i n  both bulk and weight of t h e  bat- 

tery. Therefore, a passive thermal  control  i s  used f o r  t h e  D-1 satellite: The 

surfaces  of t h e  various materials do not absorb s o l a r  r ad ia t ion  i n  t h e  same 

manner and do not emit as much i n  the inf ra red .  

l e c t ,  from ava i lab le  types of coatings, those t h a t  permit an equ i l ib ra t ion  of 

t he  heat  exchange balance. 

The 

This makes it poss ib le  t o  se- 

The se l ec t ion  of t h e  coating proceeded on t h e  basis of  experimental s tud ie s  

and t h e o r e t i c a l  calculat ions.  Here, it was primari ly  a question of estimating 
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t h e  heat exchange balance between the  s a t e l l i t e  and the  sun, i n  a l l  poss ib le  at- 

t i t u d e s  of  t he  s a t e l l i t e  i n  o r b i t .  

t h e  plane of i t s  o r b i t  will vary with respect t o  the  plane of t h e  e c l i p t i c  be- 

cause of t h e  ear th ' s  ro ta t ion .  On the  o the r  hand, depending on t h e  time of year  

and t h e  hour of launch, t h e  s a t e l l i t e  may e i t h e r  pass  through t h e  ear th 's  shadow 

f o r  a more o r  l e s s  long por t ion  of i t s  per iod of revolut ion o r  may remain con- 

s t a n t l y  i l luminated by t h e  sun. Therefore, t h e  extreme cases must be s tudied 

from the  temperature dewpoint ,  i.e., t he  case i n  which t h e  sa te l l i t e  i s  con- 

s t a n t l y  i l luminated by t h e  sun and the case i n  which i t  i s  l e s s  i l luminated, 

taking i n t o  consideration t h e  th ree  possible  p r inc ipa l  or ien ta t ions  t h a t  t he  

satel l i te  can have i n  o r b i t ,  i.e., s i x  poss ib le  cases. 

For example, i f  t h e  D-1 i s  spin-stabil ized, 

I n  addition, t h ree  types of heat exchange must be considered: 

The heat t h a t  an element o f  surface receives  from the  sun and t h a t  

which i t  gives of f  t o  t h e  ambient medium, f o r  a given a t t i t u d e  and 

o r b i t .  

The heat t h a t  t h e  s a t e l l i t e  exchanges by r ad ia t ion  and conduction with& 

t h e  instruments ins ide  i ts  s t ructure;  f o r  b e t t e r  studying and control- 

l ing  t h i s  predominantly radiant exchange, t h e  in s ide  of t h e  s a t e l l i t e  i s  

painted black . 
The rad ian t  exchange between s a t e l l i t e  and ambient medium, as a func- 

t i o n  of t he  coatings of  t h e  outer  surfaces.  

For t h e  D-1 satellite, fou r  types of  coatings Were selected:  white and 

black pa in t ,  aluminum and gold metal p la t ing .  

ca tes  t ha t ,  t e s t i n g  each one of these coat ings on any of t h e  surfaces  involved, 

a t o t a l  of lo& d i f f e ren t  cases w i l l  result. 

ings  r e s t r i c t s  t h i s  choice t o  about 30 cases;  t h e  se l ec t ion  i s  then subjected 

An elementary ca lcu la t ion  indi-  

A program of optimization of coat- 

11 



t o  technological considerations f o r  defining t h e  coating t o  be preferred.  

technological considerations t h a t  guide this choice comprise: d e f i n i t i o n  of  t h e  

coe f f i c i en t s  of absorption and emission of t h e  coatings, degree of independence 

from environmental conditions such as heat cycles,  exposure t o  u l t r a v i o l e t  rays, 

aging, e t c .  

The 

After this, t h e  cha rac t e r i s t i c s  of t h e  se lec ted  coatings are determined by 

means of a space simulator and a s o l a r  simulator. 

son of  these  r e s u l t s  with t h e  experimental da t a  t ransmit ted by telemetry from 

t h e  D-1 sa te l l i te  i n  o r b i t ,  which no doubt w i l l  provide an even b e t t e r  cont ro l  

of t h e  heat exchange of fu ture  s a t e l l i t e s  with t h e  ambient medium. 

This will permit a compari- 

However, t h e  s a t e l l i t e  W i l l  reach i t s  permanent thermal regime only a f te r  

fou r  o r  five o rb i t s .  During t h i s  f i r s t  o r b i t a l  period, thermal cont ro l  i s  even 

more important s ince it l ays  t h e  foundation f o r  a s a t i s f a c t o r y  long-term opera- 

t i o n  of t h e  e lec t ronic  o r  s c i e n t i f i c  instrumentation. 

s e r t i o n  i n t o  o r b i t ,  t h e  satel l i te  i s  subject t o  a s e r i e s  of extreme thermal 

stresses. 

Between launching and in- 

If it were attached t o  the  nose cone of t h e  t h i r d  s tage  of t h e  rocket with- 

ou t  spec ia l  precautions,  t h e  s a t e l l i t e  D-1 would be subject  t o  air  f r i c t i o n  f r o m  

t he  moment of l i f t o f f .  

t o  travel i n  vacuum, t h e  shape of the  D.1 has been designed without regard t o  

aerodynamics. 

ogive which Will be je t t i soned  a t  the proper moment. 

A s  i s  conventional f o r  a l l  sa te l l i tes  t h a t  a r e  designed 

Therefore, t h e  s a t e l l i t e  i s  protected by a nose i n  the  form o f  an 

The rocket l i f t s  of f  a t  progressive accelerat ion,  i n  an atmosphere which 

becomes increasingly raref ied.  The f r i c t i o n  of t h e  a i r  molecules gradual ly  

hea ts  t h e  outer  w a l l  of t h e  ogive, w h i l e  t h e  capsule, i n s i d e  the  nose cone, i s  

heated less rapidly.  

,& 

Solid p a r t i c l e s  o r  molecules produced by t h e  degassing of 
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t h e  ogive may adhere t o  t h e  coating of t h e  s a t e l l i t e  and thus  modify i t s  thermo- 

o p t i c a l  cha rac t e r i s t i c s .  

A s  soon as t h e  dense l aye r s  of the atmosphere have been t raversed,  t h e  

ogive represents  only use less  b a l l a s t  which must be je t t i soned  as soon as pos- 

s ib l e .  

s iderable  res idua l  aerodynamic heating. 

t h e  instrument capsule which, l i k e  the  s a t e l l i t e  i t se l f ,  i s  subject  t o  radia- 

t i o n s  f r o m  t h e  sun, t h e  ear th ,  and the  albedo and which, i n  addi t ion,  i s  heated 

by t h e  d i s s ipa t ion  of t h e  heat l ibera ted  by t h e  i n t e r n a l  c i r c u i t s ,  and by con- 

duction, across the  last  stage,  of the heat l i be ra t ed  from t h e  duct at 20OO0C. 

A t  this time, t h e  s a t e l l i t e ,  because of i t s  veloci ty ,  i s  subject  t o  con- 

The s a t e l l i t e  s t i l l  remains at tached t o  

During t h e  launch and up t o  the  in s t an t  at which t h e  D-1 i s  separated from 

t h e  instrument capsule and starts i t s  autonomous existence,  t h e  temperature 

l e v e l  must be maintained within t h e  limits defined i n  advance. A computation 

program will y ie ld  da t a  on the  heating of t h e  s a t e l l i t e  within t h e  ogive and, 

after t h e  ogive has been je t t isoned,  on the  aerodynamic heating. 

i n s t a n t  a t  which t h e  ogive must be cast  o f f  can be defined. 

antenna platform reaches a temperature of  l&O°C, i f  t h e  ogive i s  opened 120 sec 

after f i r i n g  of t he  first stage,  7$C i f  it i s  opened at  125 sec, and o* 33'C 

i f  it i s  opened af ter  130 sec. 

From t h i s ,  t h e  

We found t h a t  t h e  

These t h e o r e t i c a l  p red ic t ions  were ver i f ied  by i n t e r s e c t i o n  with the  f l i g h t  

da t a  furnished by Rubis No.Pt, which permitted t e s t i n g  t h e  assembly consis t ing 

of  t h e  t h i r d  stage,  t h e  instrument capsule, t h e  s a t e l l i t e ,  and t h e  ogive, by a 

t e s t  f i r i n g  of t h e  mockup t o  2000 lux a l t i t u d e .  

111. MANUFACTURING AND TESTING 

The tests are intended t o  prove t o  t h e  manufacturer t h a t  t h e  sa te l l i t e  W i l l  

* See La Recherche Spat ia le ,  Vol.IV, No.8-9, p.13. 



funct ion as predicted i n  space, after having survived t h e  r i g o r s  of launching. 

A l l  elements of t h e  D-1 individual ly ,  and t h e  e n t i r e  s a t e l l i t e ,  were subjected 

t o  acce lera t ion  and v ibra t ion  tests simulating t h e  conditions of launch, as w e l l  

as t o  heat  and cold tests, vacuum and atmospheric tests simulating t h e  basic  

conditions of o r b i t a l  "life". 

"space environmentrr. 

t o  a l l  s tages  of manufacture. 

The t o t a l i t y  of these  conditions i s  known as /16 
Extremely s t r i c t  rules have been establ ished and applied 

These rules can be defined as follows: 

With respect t o  the  cost  of manufacture and launching of a given s a t e l l i t e ,  

it i s  not so much a question of developing a new model by subjecting numerous 

i d e n t i c a l  u n i t s  t o  tests on t h e  t e s t  stand, as i s  done f o r  l e s s  cos t ly  compon- 

en ts  o r  even f o r  automobiles intended f o r  wide d is t r ibu t ion .  

velopment of a s a t e l l i t e  type i s  separated from t h e  a c t u a l  tests f o r  each s ingle  

uni t .  For this, several  s a t e l l i t e s  are constructed. I n  t h e  case of t h e  D-1 

satel l i te ,  individual  subcontractors f i r s t  designed a piece of equipment t h a t  

m e t  a l l  funct ional  requirements w i t h i n  t h e  prescribed temperature range, disre- 

garding f o r  t h e  time being t h e  bulk requirement and t h e  mechanical t e s t i n g  con- 

d i t ions .  This so-called rtpreliminary model" was used f o r  t e s t i n g  t h e  p r i n c i p a l  

c h a r a c t e r i s t i c s  of the  c i r c u i t s .  

Rather, t h e  de- 

A new piece of equipment, known as t h e  %odellr, was then manufactured under 

prescribed conditions; f o r  t h e  electronic  p a r t ,  t h i s  meant t h a t  it had t o  be 

i n s t a l l e d  i n  a module casing and embedded i n  r i g i d  p l a s t i c  foam. T h i s  model 

was then "qualifiedtr, i .e.,  subjected t o  v ibra t ion  tests, thermal and cryogenic 

t e s t s ,  vacuum tests, l e v e l  t e s t s ,  temperature tests, and l i f e t i m e s  longer than 

those expected i n  f l i g h t .  

f a i l u r e s  which were eliminated, a f t e r  which t h e  tests were repeated. 

%odelr* equipment was then assembled ( t h i s  i s  occasionally ca l led  %nt egratedl') 

These tests revealed a c e r t a i n  number of defec ts  and 

The e n t i r e  



i n t o  a +nodelf* satel l i te ,  which was not subjected t o  environmental t e s t s  but was 

used f o r  numerous auxiliary operations such as study of compatibi l i ty  with the  

launch vehicle .  

To ga in  t h e ,  o ther  %mdel" s a t e l l i t e s ,  i n  a more o r  less f i n a l  state, were 

manufactured; t hese  were used f o r  cer ta in  s p e c i f i c  t e s t s .  

t r i c  model" i s  i n  exis tence which was used f o r  studying t h e  rad ia t ing  elements; 

another type was a "andling model" representing a regular  simulator i n  which 

manipulation of t h e  cos t ly  satel l i te  could be t ra ined;  s t i l l  another type was a 

'?stuqy model of t h e  s o l a r  generatorf* which permitted fu l l - sca le  tests on the  ef- 

f e c t  o f  shadows thrown by t h e  antennas on t h e  s o l a r  panels and on t h e  mutual 

shadodng of t h e  panels themselves. 

Thus, a ?+adioelec- 

Final ly ,  t h e  ')modelr* s t ruc ture ,  loaded with facs imi le  equipment, was /In 
launched on a suborb i ta l  f l i g h t  by a Rubis rocket on June 5, 1965 from Hammaguir. 

T h i s  launching proved sa t i s f ac to ry  s t ruc tu ra l  res i s tance  t o  real v ibra t ions ,  

making it a l s o  poss ib le  t o  test t h e  sequence of antenna and panel deployment 

under conditions of weightlessness as  they are impossible t o  reproduce i n  t h e  

laboratory.  The "equipment models7* terminated the  development phase. 

This was followed by t h e  manufacture of " f l i gh t  nodels" of equipment and 

s t ruc ture ,  which were produced i n  three copies. 

prototype, was subjected t o  all high-level tests known as qua l i f i ca t ion  t e s t s .  

Only a f e w  defects  were discovered. 

t h a t  they corresponded t o  f a i l u r e s  o r  defec ts  of ind iv idua l  components and did 

not involve t h e  conception of t he  equipment as such. 

detected defec ts  would have l ed  t o  complete opera t iona l  f a i l u r e  of t h e  s a t e l l i t e  

whose design permits tolerance of a ce r t a in  number of f a i l u r e s  (dupl ica te  c i r -  

cu i t s ,  standby converters, standby telemetry equipment, e tc . )  

The first, representing t h e  

These were ca re fu l ly  analyzed; it was found 

Incidental ly ,  none of t h e  

After t h e  neces- 



sa ry  repa i rs ,  t h e  tests were resumed, resu l t ing  f i n a l l y  i n  a system t h a t  had 

'bet" a l l  qua l i f ica t ion  t e s t s .  

'-litions it could have been launched. 

s t ruc tu re  was "fatigued" from t h e  numerous tests, it was preferred not t o  run 

this r i sk .  The two o the r  " f l i gh t  modelr* satell i tes,  D-1A and D-lB, had been 

subjected only t o  leve l ing  and endurance tests s u f f i c i e n t  f o r  proving conformity 

of t h e  satel l i te  with t h e  prototype or ,  i n  t h e  negative case, t o  l oca t e  indivi-  

dual  defec t ive  components o r  c i r c u i t  elements (solder ings) .  

t o  t r a c e  t h e  complete h i s to ry  of t h e  t e s t s ;  f o r  this, a l l  equipment was de- 

l i ve red  by t h e  various manufacturers without having been subjected t o  environ- 

mental t e s t i n g .  

Thus, since t h e  s a t e l l i t e  now s a t i s f i e d  a l l  con- 

However, s ince  it was feared t h a t  t h e  

An attempt was made 

These acceptance tests revealed no s ign i f i can t  f a i l u r e s .  

Such d e t a i l s  are given here merely t o  demonstrate t h e  extent  of t h e  com- 

p l e x i t y  of  problems associated with t h e  manufacture of t h e  satel l i te ,  after t h e  

design and performance problems have been solved which, i n  themselves, consti-  

t u t e  s t i l l  another aspect of  t h e  d i f f i c u l t i e s  encountered. 

To perform these  tests, t h e  CNES has erected numerous f a c i l i t i e s  f o r  simu- 

l a t i o n  of  space environment i n  i t s  Center a t  Brhtigny. These f a c i l i t i e s  are 

used d i r e c t l y  i n  t h e  tests f o r  which the C?sEs i s  responsible hut a r e  a l s o  a t  

the  d i spos i t i on  of i n d u s t r i a l  firms on .request. 

/18 

The main equipment of t h i s  laboratory comprises t h e  following: 

Four v ibra t ion  exc i te rs ,  with a power ranging from 2.7 t o  4.5 tons.  

A l a r g e  cy l ind r i ca l  simulator capable of subject ing a s a t e l l i t e  of about 

hundred kilogram weight and 1 m diameter, t o  conditions of space vacuum i n  the  

presence of s o l a r  radiat ion.  

10 h r s ,  

brought from -170' t o  +lOO°C by c i rcu la t ing  gaseous nitrogen. 

A vacuum of 3 X lo-' t o r r  can be reached within 

A d o u b l e - d l  i n t e r n a l  screen, of 3 m diameter and 3 m length,  can be 

This powerful 
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equipment was designed f o r  long-term t e s t s  with high r e l i a b i l i t y ;  t h e  apparatus 

has been i n  s a t i s f a c t o r y  operation since September 1965 and has been used f o r  

as long as 2 - 3 weeks without major incident,  i n  f i v e  overa l l - tes t  s e r i e s  w i t h  

t h e  prototypes and f l i g h t  models of the F‘R-1 and D-1 uni t s .  

Several  simulators of smaller dimensions, ranging from 70 dm’ t o  1 m”, per- 

mi t t ing  vacuum t e s t s  on various types o f  equipment, a t  temperatures varying from 

-looo t o  +loooc. 
Five temperature chambers, one of which has a capacity of  €3 m”, permit t ing 

t e s t s  from -100°C t o  +lOO°C at a tmspher ic  pressure.  

One centrifuge f o r  t e s t i n g  the  equipment under s t a t i c  accelerat ion;  t h e  ac- 

c e l e r a t i o n  tests f o r  t h e  fu l l - sca le  s a t e l l i t e s  were made i n  the  l a r g e  centr i fuge 

(whose cabin can accomnodate a p i l o t )  a t  the  Test F l igh t  Center. 

IV. ONBOARD POWER 

The instruments of t h e  s a t e l l i t e  are fed by a power generator system, com- 

p r i s i n g  t h e  following: 

A s o l a r  generator and a bat tery,  supplying e l e c t r i c i t y  t o  the  s a t e l l i t e  

eqAipment. 

of t h e  s a t e l l i t e  and carrying t h e  solar c e l l s  t h a t  convert l i g h t  energy i n t o  

e l e c t r i c  energy. 

a t o r ,  during t h e  period of illumination, charges a ba t te ry  which feeds the  in- 

struments, whether t h e  satel l i te  i s  illuminated by t h e  sun o r  whether i t  i s  

within the  earth’s shadow. 

i l luminat ion (70 min) and discharged during t h e  periods of darkness (50 min). 

The s o l a r  generator i s  composed of four  panels, at tached t o  t h e  body 

/19 
Since t h e  s a t e l l i t e  i s  not always il luminated, the  s o l a r  gener- 

Thus, the b a t t e r y  i s  charged during t h e  periods of 

Two converters t h a t  d i s t r i b u t e  and regulate  t h e  necessary e l e c t r i c  current  

f o r  operation of each individual  piece of equipment, a t  t h e  required voltage. 



A standby pro tec t ion  system f o r  t h e  ba t te ry ,  which prevents  i t s  discharge 

as w e l l  as an overcharge. 

4.1 Sola r  Generator 

The s o l a r  generator i s  composed of fou r  panels t o  which a t o t a l  of 2304. 

photovol ta ic  c e l l s  i s  mounted. 

These c e l l s ,  manufactured i n  France, a r e  equal i n  quality t o  those used i n  

U S  satell i tes (same power output).  

l ength  of  2 cm, a width of 1 cm, and a thickness  of 0.5 cm. 

They are of t h e  n-p s i l i c o n  type, with a 

The c e l l s  are protected from bombardment by micrometeorites and p a r t i c l e  

r ad ia t ion  by a t h i n  g l a s s  sheet  of 150 LL thickness. 

vided with a blue f i l t e r  on t h e i r  inner surface,  which limits t h e  transmission 

t o  s p e c t r a l  bands usefu l  f o r  t h e  photovoltaic conversion. 

t h e  panes are covered n i t h  an  an t i r e f l ec t ion  coating. 

These g l a s s  panes a r e  pro- 

On t h e  outer  surface,  

Each panel, on each of its two faces, c a r r i e s  nine small p l a t e s  of 32 c e l l s  

connected i n  se r i e s ,  with t h e  e igh t  faces of t h e  panels connected i n  pa ra l l e l .  

The connections between t h e  p l a t e s  are made by pr in ted  c i r c u i t s .  

i s t o r s  are pasted t o  each face  of the  panels, f o r  determining t h e  temperature. 

A diode, i n se r t ed  between t h e  pos i t ive  po le  of each p l a t e  and t h e  pos i t i ve  pole  

of  each panel, prevents charging o f  t h e  nonilluminated p l a t e s  by t h e  i l luminated 

p l a t e s .  

Two therm- 

The s o l a r  generator was designed t o  meet a spec ia l  requirement, d i f f e r i d  

- f o r  example - from t h a t  of t h e  project  FR-1 where m a x i m u m  power was t h e  prime 

requisite. In  t h e  D-1A s a t e l l i t e ,  i t  i s  desired t o  supply power t o  t h e  instru-  

ments independent of t h e  time of launching (season o r  hour), so as t o  prevent 

condi t ions t h a t  a launch vehicle  would have d i f f i c u l t y  t o  s a t i s f y  during a t e s t  



series. 

however, t h e  nose cone of t h e  Diamant i s  too pointed t o  accommodate a spher ica l  

sa te l l i t e  of a su f f i c i en t ly  high power. Therefore, t h e  so lu t ion  se lec ted  was 

t o  use panels;  an attempt was made t o  optimize t h e  angle of these  panels with 

respect  t o  t h e  axis of t h e  satell i te,  i n  order  t o  s a t i s f y  t h e  above condition. 

It was found i n  t h e  laboratory t h a t  the optimum i n c l i n a t i o n  of t h e  panels  i s  

55'. 

t o  increase  t h e  moment of i n e r t i a  of the satel l i te  about i t s  longi tudina l  a x i s  

with respect  t o  i t s  o the r  two moments of  lateral  i n e r t i a .  

t ions,  t h e  average ava i l ab le  power w i l l  always be above o r  equal t o  5 w. 

A satel l i te  of spher ica l  shape s a t i s f a c t o r i l y  meets these requirements; 

The ac tua l ly  se lec ted  inc l ina t ion  d i f f e r s  s l i g h t l y  from this (450 >, so as 

Under these  condi- 

Battery and Power Dis t r ibu t ion  

The s a t e l l i t e  i s  equipped with a s ing le  ba t te ry ,  comprising eight  t i g h t  

nickel-cadmium elements connected i n  series, with a ra ted  capacity of 3.5 amp-hr. 

The charging vol tage i s  11 v on t h e  average, and t h e  mean discharging voltage 

i s  9 v. This ba t t e ry  and i t s  elements, on request by t h e  CNES, were spec i f i -  

c a l l y  designed f o r  use on t h e  s a t e l l i t e  and t h e i r  development was given spec ia l  

care .  

The consumption of t h e  s a t e l l i t e  instrumentation i s  2.8 w when t h e  Doppler 

emitters are not operating. 

power consumption reaches 5.2 w f o r  a cycle  of 16 min p e r  o r b i t  of 120 min, on 

remote-control ins t ruc t ion .  

When these devices are i n  t h e  on-position, t h e  

The ba t t e ry  i s  ab le  t o  function a t  temperatures ranging from -10" t o  +l+O°C, 

but  beyond this i t s  cha rac t e r i s t i c s  f luc tua te  strongly.  

reached and t h e  current  passing through t h e  ba t t e ry  are t ransmit ted t o  t h e  

ground by telemetering. 

The temperatures 



The permanent and regular  onboard d i s t r i b u t i o n  of  e l e c t r i c i t y  i s  ensured 

by a permanent converter-regulator. 

t h e  ba t t e ry  t e d M l S *  

The Doppler emitters are d i r e c t l y  f ed  from 

4.3 Protec t ive  System f o r  t h e  Battery /21 

Two devices have t h e  funct ion of  maintaining t h e  ba t t e ry  i n  s a t i s f a c t o r y  

operat ing condition: 

A charge regulator  which limits the charging current and t h e  vol tage a t  t h e  

terminals  of t h e  bat tery,  taking t h e  temperature of t h e  lat ter i n t o  considera- 

t i o n .  

cu i t ,  consis t ing of t h r e e  power t rans is tors ,  mounted t o  t h e  outs ide of  t h e  

satell i te.  

Any possible  power excess i s  conducted t o  an ex terna l  d i s s ipa t ion  c i r -  

A discharge protector ,  which constantly monitors t h e  vol tage at t h e  battery 

terminals. 

verter i s  interrupted.  

ing  and recharging t h e  battery. 

i s  automatically cut  i n  after 10 hrs. 

pro tec t ive  system, reconnection of the feed system can be ordered by remote con- 

trol. 

counts t h e  10 hours as w e l l  as t o  the  telemetry rece iver  i s  ensured by a second- 

ary converter.  

As soon as t h i s  voltage drops below 8 v, t h e  feed t o  t h e  main con- 

A t  t h i s  time, t h e  s o l a r  generator i s  used only for feed- 

The feeding system f o r  t h e  pieces  of equipment 

However, i n  t h e  case of f a i l u r e  of t h e  

For t h i s ,  during t h e  recharging cycle, power supply t o  t h e  timer which 

lk.4 Data on t h e  Solar  Cells 

The s o l a r  c e l l s  are photodiodes with semiconductors whose a c t i v e  subs t r a t e  

( s i l i c o n )  i s  doped with p-impurities, i n t o  which a r e l a t i v e l y  shallow junct ion 

of n-impurities i s  diffused. These diodes absorb t h e  l i g h t  photons and convert 
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them i n t o  e l e c t r i c  energy. 

t h a t  they supply e l e c t r i c i t y  t o  a l l  pieces of sa te l l i t e  equipment and t h a t  t h e  

l ifetime of t h e  sa te l l i t e  depends on t h e i r  eff ic iency.  

w i l l  "die" as soon as t h e  output of the c e l l s  reduces t o  a poin t  where they no 

longer fu rn i sh  a s u f f i c i e n t  amount of e l e c t r i c  current .  

The grea t  usefulness of s o l a r  c e l l s  l i e s  i n  t h e  f a c t  

Thus, t h e  s a t e l l i t e s  

Independent of t h e  cha rac t e r i s t i c s  of t h e  t o t a l i t y  of c e l l s  comprising a 

s o l a r  generator, it was found advisable t o  make s tudies  on t h e  degradation of 

s o l a r  c e l l s  when subjected t o  a hos t i l e  environment; t h e  procedure was t o  mount 

o the r  c e l l s  of t h e  same type on a small plane p l a t e ,  a t tached t o  the  body of 

t h e  satell i te,  f o r  t h e  following purpose: 

observe t h e  e f f e c t  of charged p a r t i c l e s  (e lectrons,  protons)  of t h e  

Van Allen b e l t s  on t h e i r  e l e c t r i c  behavior; 

determine t h e  a t t i t u d e  o f  t h e  satel l i te  r e l a t i v e  t o  t h e  sun. 

/22 

The p l a t e  c a r r i e s  t h ree  groups of c e l l s ,  comprising t h e  following: 

First group: f i v e  s t r ipped  ce l l s  (without f i l t e r ) .  

Second group: f i v e  c e l l s  individual ly  protected by a g la s s  window of 

150 u thickness and provided with an in t e r f e rence  f i l t e r .  

Third group: c e l l s ,  pre-irradiated i n  t h e  laboratory with a dose of 

Id" e lec t rons  of 1 MeV. 

A study of t h e  e f f e c t  of p a r t i c l e  bombardment of t h e  two first groups i s  

performed by comparing t h e  vol tages  a t  t h e i r  terminals with t h e  voltage a t  t h e  

terminals  of t h e  t h i r d  group, used as reference.  

In  f a c t ,  t h e  s e n s i t i v i t y  f o r  the semiconductor materials used decreases ex- 

ponent ia l ly  as a funct ion of t h e  received dose. 

terminals  of t h e  reference c e l l s  will  thus be negl ig ib le  with respect  t o  t h a t  

produced by p a r t i c l e  bombardment i n  the van de G r a a f  a cce l e ra to r  a t  t h e  Poly- 

The vol tage f luc tua t ion  a t  t h e  
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t echnic  I n s t i t u t e ,  where these cel ls  were subjected t o  a pre- i r rad ia t ion  a t  a 

very high dose. 

Final ly ,  measuring t h e  voltage of t h e  reference c e l l s  w i l l  permit a rough 

reconstruct ion of t h e  satel l i te  a t t i t ude  with respect  t o  t h e  sun. 

V. TELFMETRY ANTI RFEIOTE CONTROL 

The satel l i te  D-1 i s  equipped with a system of telemetering instruments 

and a system of  remote cont ro l  devices. 

on a frequency of 136.980 mc; t h e  rernote con t ro l  commands are transmit ted t o  t h e  

s a t e l l i t e  on a frequency band of 122.9 mc. 

The telemetering t r ansmi t t e r  operates  

The telemetering equipment operates continuously, except f o r  t h e  period 

of  down-time of all equipment i n  the case t h a t  t h e  ba t t e ry  needs recharging. 

The adopted modulation ( i n  phase) permits using t h e  c a r r i e r  as s igna l  and thus  

t racking of t h e  satellite. The system of  remote con t ro l  t ransmi ts  t he  command 

t o  start feeding t h e  transmitter for the  geodesy experiments. 

/23 

The transmission of s igna l s  as well as t h e i r  recept ion proceeds over a 

swivel antenna array, consis t ing of four quarter-wave whip antennas, hinged t o  

t h e  upper cap of t h e  satel l i te  and s3iirm;etric with t h e  aJds of r o t a t i o n  of t h e  

satell i te.  

The telemetry and remotecont ro l  network t h a t  picks up t h e  emissions from 

t h e  satellites and sends commands t o  it, W i l l  be t h e  French Iris network, en- 

t i r e l y  equipped with French materiel ,  comprising f i v e  s t a t i o n s  located i n  

Brgtigny (France), Hammaguir (Algeria), Ouagadougou (Upper Volta) , Brazzavi l le  

(Congo), and Prg tor ia  (South Africa). The geographical pos i t i on  of these  f i v e  

s t a t i o n s  was selected i n  consideration of t h e  launchings of satell i tes whose 

o r b i t s  will be only s l i g h t l y  inclined t o  t h e  Equator. 
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5.1 Telemetry Sy stem 

For t h e  D-1 satell i te telemetry, the  CNES selected t h e  PF'M (pulse-frequency 

modulation) system, designed and developed at  Goddard Space F l igh t  Center of 

NASA by R.Rochelle and coworkers, used successful ly  i n  t h e  Ekplorer satellites 

(pa r t i cu la r ly ,  t h e  Imps) as w e l l  as the two Ariel, e tc .  

t o  i d e a l  f o r  small s a t e l l i t e s ,  has a very low consumption, and permits communi- 

ca t ion  under exceptional conditions and over extreme dis tances .  

capaci ty  i n  number of samplings transmitted p e r  second i s  somewhat l imi ted  f o r  

c e r t a i n  appl icat ions.  

This system is  c lose  

Conversely, i t s  

The p r inc ip l e  of encoding t h e  data i s  as follows: Ehch of t h e  channels i s  

frequency-modulated (by a voltage-frequency converter) ,  and t h e  channels are 

then time-division multiplexed. 

appears as a series of sho r t  s inusoidal  t r a i n s ,  separated by intervals..  

ttfonnat" used f o r  t h e  D-1 comprises 32 samples, tu0 of which are subjec t  t o  

f ixed  frequencies used f o r  de tec t ing  the beginning of t h e  format and t h e  syn- 

chronization; thus, 30 measuring channels exist. 

t i o n  of 1/50 of  a second. 

The multiplex t r a i n ,  s en t  t o  t h e  t ransmi t te r ,  

The 

/24- 

Each of t h e  samples has a dura- 

The PF'M t r a i n  modulates i n  phase a t r ansmi t t e r ,  control led by a quartz 

c r y s t a l  and rad ia t ing  a power of 250 mw at  a consumption of less than 1 w. 

Final ly ,  it should be reca l led  t h a t  a d ip lexer  couples t h e  telemetry t r ansmi t t e r  

a t  136 mc and t h e  s c i e n t i f i c  t ransmi t te r  a t  150 mc t o  t h e  same antenna. 

5.2 Remote Control System 

The remote-control system permits t ransmi t t ing  two d i f f e r e n t  commands t o  

t h e  satell i te:  

The command "start experiment" which i n i t i a t e s  feeding of t h e  s c i e n t i f i c  
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instruments. 

The command ?*standbyft which in t e r rup t s  feeding of t h e  s c i e n t i f i c  trans- 

mitters, while s t a r t i n g  t h e  general feeding of all pieces  of equipment. 

T h i s  cons t i t u t e s  a p o s s i b i l i t y  f o r  intervening i n  t h e  case of f a i l u r e  

o f  t h e  automatic ba t t e ry  discharge monitor. 

The remote cont ro l  system is  composed o f  t h ree  elements: 

a receiver  with a s ing le  reception frequency i n  t h e  122.9 mc band, of 

t h e  superheterodyne type; 

a decoder, connected t o  t h e  output of  t h e  receiver,  which de tec t s  t he  

modulation code and in t e rp re t s  t h e  received command; 

a programer l*operation - standby", which receives  t h e  two commands from 

t h e  decoder on i t s  two separate inputs .  

Pro tec t ion  from premature start  i s  ensured by t h e  encoding system of t h e  

"address - execution?* type. 

s igna l  '*address1* which opens one gate  i s  followed, after a predetermined time 

h i l e  t h e  ga t e  i s  s t i l l  open, by a second s igna l  ?*execution** which cons t i t u t e s  

t h e  a c t u a l  command and i s  thus  sen t  t o  t h e  programer. 

I n  f a c t ,  t h e  command i s  only executed i f  t he  first 

V I .  SCIENTIFIC GEDDESY P R O G W  OF THE SATELLITE D-1 /25 

From t h e  beginning of t h e  space era,  French s c i e n t i s t s  have been in t e re s t ed  

i n  space geodesy; s ince  1959, t he  Observatories of Meudon, Besanfon, Bordeaux, 

and Strasbourg have been t racking s a t e l l i t e s  by o p t i c a l  methods; spec i f ica l ly ,  

they obtained photographs of  a r t i f i c i a l  s a t e l l i t e s  which permitted a b e t t e r  

d e f i n i t i o n  of  t h e  causes and t h e  extent of deformation of  t h e  o r b i t s  of such 

satell i tes.  

with t h e  CNES, has s t a r t e d  a programof geodesic l i n k s  by satellites: 

I n  1964, t h e  IGN (National Geographic I n s t i t u t e ) ,  i n  col laborat ion 

The 



sa te l l i t e  Echo was photographed simultaneously aga ins t  t h e  background of stars 

by f i v e  s t a t i o n s  ( th ree  i n  France and two i n  Algeria);  t h i s  permitted the  f irst  

t r iangula t ions  by satell i tes.  

I n  January 1965, t h e  Aeronoqy Department of t h e  CNRS (Nat ional  S c i e n t i f i c  

Research Center), a t  t h e  Observatorg of HauteProvence, made t h e  first French 

experiment with an American satel l i te ,  t h e  Explorer XXII, i n  which a laser beam 

was r e f l ec t ed  f r o m  a space vehicle.  

reached 5 X 

The accuracy of d i s tance  measuring (IN) 

The geodesic program, scheduled f o r  t h e  th ree  D-1 s a t e l l i t e s ,  W i l l  permit 

a cont inuat ion of these s tud ies .  

velopment of geodesic equipment on board a satel l i te :  

l i t e s  w i l l  emit waves of  high frequency s t a b i l i t y ,  by means of which measure- 

ments of t h e  Doppler e f f e c t  dl1 be made, permit t ing a ca l cu la t ion  of t he  r a d i a l  

ve loc i ty  of t h e  satellites. The last satel l i te  of  t h e  series, t h e  G l C ,  w i l l  

be equipped a l so  with prisms t h a t  r e f l e c t  a laser beam emitted by ground sta- 

t ions ,  i n  which t h e  time required f o r  t h e  round t r i p  of t h e  l i g h t  W i l l  y i e l d  an 

accura te  measure of t h e  dis tance of t h e  sa te l l i t e  from t h e  s t a t ion .  

The program comprises t h e  first French de- 

The D-1A and D.1B satel- 

6.1 Sr>ace Geodesg 

Geodesy i s  a science which attempts t o  determine, on t h e  one hand, t h e  form 

and s t r u c t u r e  of t h e  e a r t h  by measuring t h e  d is tance  separat ing two poin ts  on 

t h e  sur face  of t h e  globe (geometric geodesy) and, on t h e  o the r  hand, by measur- 

ing  t h e  i n t e n s i t y  and f luc tua t ions  of t h e  terrestrial  g rav i t a t iona l  f i e l d  /26 
(gravimetr ic  geodesy). 

Over a number of years, launchings of a r t i f i c i a l  ea r th  s a t e l l i t e s  have re- 

su l t ed  i n  considerable progress of our knowledge of geodesy. I n  f ac t ,  t h e  posi- 



t i o n  f i x i n g  of a given s a t e l l i t e  with respect t o  t h e  stars whose pos i t i on  i s  ac- 

cura te ly  known within t h e  system of c e l e s t i a l  coordinates, permits ca lcu la t ing  

t h e  c e l e s t i a l  coordinates of t h e  satellite. If, i n  addition, t h e  pos i t i on  of 

t h ree  ground s t a t i o n s  i s  known, it i s  possible  t o  construct  an accurately de- 

f ined  reference trihedron, whose base t r i a n g l e  has t h e  imaginary l i n e s  joining 

t h e  t h r e e  s t a t i o n s  two-by-two as sides,  with the  vertices being t h e  satell i te.  

This makes it possible  t o  ca lcu la te  the  geographic coordinates of  another po in t  

on t h e  ear th ' s  surface, loca ted  a t  a reasonable d is tance  from t h e  th ree  s t a t ions ,  

by determining the  pos i t i on  of  t he  point with respect t o  t h e  reference t r ihedron 

and thus  connecting this poin t  with the geodetic network of  t h e  three  s t a t ions .  

For this, two experimental methods can be used: 

Ei ther ,  t h e  s a t e l l i t e  can be photographed aga ins t  t h e  background of stars 

f r o m  t h ree  ground s t a t ions  whose coordinates are known within a c e r t a i n  geodetic 

network, which penni ts  fixing t h e  instantaneous pos i t i on  o f  t h e  s a t e l l i t e  i n  

o r b i t ,  relative t o  t h e  stars; i n  this case, t h e  pos i t i on  of  a fou r th  ground 

s t a t i o n  can be defined i f  only t h e  angle of s igh t  of this l a t t e r  s t a t i o n  i s  

known which, i n  i t s  turn,  had photographed t h e  satel l i te  a t  t h e  same i n s t a n t  as 

t h e  o t h e r  s ta t ions .  

given geodetic network i s  thus determined. 

Step-by-step, the pos i t i on  of t h e  various po in t s  i n  a 

A second method cons i s t s  i n  f i A n g  t h e  pos i t i on  o f  t h e  satel l i te  f r o m  th ree  

known s t a t ions ,  but this time by simultaneously measuring t h e  dis tances  sepa- 

r a t i n g  these  s t a t ions  f r o m  t h e  satellite. 

obtained by measuring t h e  dis tances  with t h e  a i d  of a laser beam. It i s  then 

s u f f i c i e n t  t o  measure t h e  t i m e  required f o r  t he  r e tu rn  t r i p  of t h e  l i g h t  from 

t h e  s t a t i o n  t o  the  satel l i te .  

f ined relative t o  the  known pos i t ion  of t h e  t h ree  s t a t ions ,  i t  i s  poss ib le  - as 

The g rea t e s t  accuracy i s  ac tua l ly  

Since the  pos i t i on  of t h e  s a t e l l i t e  i s  thus de- 
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before  - t o  define t h e  pos i t i on  of a fourth s t a t i o n  which a l s o  s i g h t s  t h e  satel- 

l i t e  a t  t h e  same ins t an t ,  using a laser beam. 

Successive determinations of t he  instantaneous pos i t i on  of a satel l i te  i n  

o r b i t  are used not only f o r  measuring the  d is tance  separat ing two po in t s  on 

t h e  surface of t h e  ear th .  

a given satel l i te  a l so  gives  a poss ib i l i t y  of determining t h e  deformation of 

t h i s  o r b i t  i n  space and t i m e ,  p r inc ipa l ly  under t h e  inf luence of var ia t ions  and 

f luc tua t ions  of t h e  terrestrial  g rav i t a t iona l  f i e l d ,  of which an ac tua l  char t  

can thus  be p lo t ted .  

/27 
I n  addition, an accurate  d e f i n i t i o n  of t h e  o r b i t  of 

6.2 Geodesy EXD eriments of t h e  S a t e l l i t e  D-IA 

Two types of  geodetic experiments W i l l  be attempted with t h e  D-lA satel- 

l i t e :  

I n  t h e  first, use i s  made of the Doppler-Fizeau e f f e c t ,  by means of two 

spec ia l  receiving s t a t i o n s  that  pick up t h e  r ad ioe lec t r i c  waves of 

s t a b l e  frequency emitted by the s a t e l l i t e .  

I n  t h e  second, t h e  s a t e l l i t e  W i l l  be photographed from one and, i f  pos- 

s ib l e ,  from severa l  observatories.  

It i s  well poss ib le  tha t ,  f o r  the f irst  satel l i te ,  D-lA, merely an attempt 

will be made t o  determine t h e  satell i te o r b i t  by th ree  d i f f e r e n t  methods, so as 

t o  ob ta in  t h e  same information from these th ree  procedures which w i l l  f a c i l i t a t e  

a comparison of t h e i r  respec t ive  accuracy: 

Primarily,  t h e  d is tance  of  the s a t e l l i t e  from t h e  ground and t h e  di- 

r ec t ion  i n  which t h e  s a t e l l i t e  i s  located w i l l  be determined by in t e r -  

ferometer measurements, made by means of antennas from t h e  t*Diane" 

t racking  system. 
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Secondly, t h e  Doppler measurements Will y i e l d  t h e  r a d i a l  veloci ty  of t h e  

satel l i te  and i t s  t i m e  rate of change. 

Thirdly, t h e  photographs of the s a t e l l i t e  aga ins t  t h e  background of 

stars wi l l  permit f i a n g  its pos i t ion  i n  t h e  system of c e l e s t i a l  COOP 

d ina t  es . 
These geodesy and t ra jectography experiments W i l l  be made i n  co l labora t ion  

with t h e  P a r i s  Observatory, t h e  National Geographic I n s t i t u t e  (IGN) , t h e  Bureau 

of Longitudes, and t h e  French Navy; J.Kovalevsky, of t h e  Bureau of Iongitudes, 

will be charged With coordination of  t h e  e n t i r e  program. 

6.2.1 Doppler Effect  Detection: Experimental Pr inc ip le  /28 

When a moving body emits a continuous wave, t he  frequency of t h i s  wave, 

This i s  known as t h e  Doppler e f f e c t  measured a t  a f ixed point,  i s  modified. 

( t h e  whis t le  of a locomotive a t  grea t  Velocity appears t o  change i t s  tone, 

e tc . ) .  The phenomenon i s  t h e  same for  electromagnetic waves. The va r i a t ion  i n  

frequency i s  proport ional  t o  t h e  ratio of t h e  r e l a t i v e  ve loc i ty  of t h e  moving 

body wi th  respect  t o  t h e  f ixed point  t o  t h e  ve loc i ty  of propagation of t h e  wave. 

For a r ad ioe lec t r i c  wave, t r ave l ing  a t  300,000 km/sec, &?d f o r  a satel l i te  whose 

ve loc i ty  i s  of  t h e  order  of 7 km/sec, it i s  obvious tha t ,  even under t h e  most 
/ v - - I 

favoring conditions, t h e  v a r i a t i o n  i n  frequency Will be neg l ig ib l e  ( 
\ 300,000 

2.3 X 

= 3 kc. 

For a wave a t  136 mc, t h e  v a r i a t i o n  w i l l  be 136 x 2.3 x = 

This var ia t ion ,  although extremely s l i g h t ,  i s  accurately measurable. If 

t h e  ve loc i ty  of t h e  above-mentioned s a t e l l i t e  i s  t o  be determined from measuring 

t h e  Doppler e f f ec t ,  f o r  example with an accuracy of one thousandth, it is  neces- 

sary t h a t  t h e  frequency of emission on board t h e  satel l i te  i s  defined t o  within 
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2.3 x lG-' e 

pends d i r e c t l y  on the  s t a b i l i t y  of t h e  onboard o s c i l l a t o r ,  which therefore  i s  

t o  be optimized as much as possible .  

with respect  t o  a reference o s c i l l a t o r  on t h e  ground, which can be a regular  ob- 

servatory clock s ince  the re  i s  no U t  placed on bulk, weight, o r  power. 

o s c i l l a t o r ,  designed f o r  t h e  D-1 satellite, has a s t a b i l i t y  b e t t e r  than 2 x lo-' 

over t h e  e n t i r e  durat ion of one passage (15 min) and under t h e  r e l a t i v e l y  rigor- 

ous temperature conditions expected on board t h e  satell i te.  Such a s t a b i l i t y  i s  

equivalent t o  a va r i a t ion  of one second i n  70 years. The o s c i l l a t o r  cons t i t u t e s  

a small quartz clock, t h e m s t a t e d  wi th  extreme care.  For obtaining t h e  desired 

s t a b i l i t y ,  t h e  temperature of t h e  quartz must not vary more than a few thou- 

sandths of a degree. 

I n  p r a c t i c a l  appl icat ion,  t he  accuracy of Doppler measurements de- 

In f ac t ,  t h e  frequencies are measured 

The 

In  p r a c t i c a l  appl icat ion,  t h e  ionosphere d i s tu rbs  the  measurements since,  

f o r  too l o w  a frequency, t h e  rad ioe lec t r ic  waves do not propagate a t  exact ly  

t h e  speed of l i g h t .  

t r u e  ve loc i ty  r e l a t i v e  t o  t h e  s a t e l l i t e .  

s ion  frequency, but  t he  technological d i f f i c u l t i e s  are considerable i n  this 

case. 

geodesic satellites, such as t h e  Beacon Ekplorer, Transi t ,  Geos; two frequencies, 

r igorous mult iples  of each other ,  a r e  used here. It i s  demonstrated t h a t ,  i n  

this case,  t h e  ca lcu la t ions  are considerably s implif ied and t h a t ,  wi th satis- 

f ac to ry  approximation, t h e  ionospheric per turba t ion  can be eliminated. 

narrow frequency band, i n  t h e  v i c in i ty  of 150 and 400 mc, has been assigned 

s p e c i f i c a l l y  f o r  this usage by t h e  In te rna t iona l  Telecommunications Union. I n  

t h e  case of t h e  D-1 satell i te,  t h e  osc i l l a to r ,  common t o  t h e  two t ransmi t te rs ,  

o s c i l l a t e s  at 4.999 mc. & frequency mul t ip l ica t ion ,  an operat ion t h a t  can be 

This must be taken i n t o  consideration when ca lcu la t ing  t h e  

It i s  conceivable t o  use a high emis- 

/29 
Therefore, it i s  preferred t o  use a method previously appl ied by American 

A very 
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performed without error ,  frequencies of l49.70 and 399.920 mc can be generated. 

Each of t h e  t ransmi t te rs  r a d i a t e s  a frequency of 100 mw over an appropriate an- 

tenna. For a frequency close t o  150 mc, a swivel platform i s  used which serves 

simultaneously f o r  telemetering and remote control.  

4.00 mc, a spec ia l  aerial i s  provided. 

t ransmi t te rs  are s t a r t e d  only by remote-control commands f r o m  the ground. 

automatically s top t ransmit t ing after 16 min. 

For a frequency c lose  t o  

I n  t h e  case of the  D-1 satell i te,  these  

They 

It is  poss ib le  t h a t ,  i n  later f l i g h t s ,  t h e  launch window can be so se lec ted  

t h a t  t h e  satel l i te  W i l l  receive suf f ic ien t  insolat ion.  

f i c i e n t  energy t o  ensure continuous operation of these  t ransmit ters .  I n  all 

these  cases, t h e  o s c i l l a t o r  and i t s  thermostat w i l l  remain connected, s ince an 

operat ion of several hours i s  necessary before thermal. equilibrium t o  within a 

thousandth of a degree can be obtained. 

This W i l l  produce suf- 

On t h e  ground, t h e  transmissions are received by s p e c i a l  antennas, and t h e  

frequencies are measured with respect t o  t h e  base clock of t h e  s t a t i o n .  

two Doppler receiving s ta t ions ,  operating on t h e  two frequencies of 150 and 

400 mc, are erected at Beirut and near t h e  Nice Observatory. 

were i n s t a l l e d  by t h e  CNES i n  i t s  Beirut s t a t i o n .  

the  Technical Construction Service and t o  t h e  Naval Forces. 

The 

Special receivers  

The o t h e r  s t a t i o n  belongs t o  

6.2.2 % t i c a l  Trackins! 

The measurements of t h e  Doppler e f f e c t  are complemented by data  obtained 

from photographs of t h e  s a t e l l i t e  D-1, which W i l l  be  taken from t h e  o p t i c a l  sta- 

t i o n  a t  Nice, a branch of t h e  P a r i s  Observatory, under t h e  d i r e c t  respons ib i l i ty  

of P.Nul1er. However, t h e  o p t i c a l  observations Will always remain more arbi-  & 
t r a r y  than measurements of t h e  rad ioe lec t r ic  Doppler e f f e c t ,  s ince t h e  former 



depend on favorable meteorological conditions; on the  o ther  hand, t h e  s a t e l l i t e s  

Will be a t  t h e  limit of v i s i b i l i t y  of the camera used. 

It would be of considerable i n t e r e s t  t o  i n s t a l l  a Doppler s t a t i o n  close t o  

t h e  Nice Observatorg, s ince radio and o p t i c a l  observations could be made a t  t h e  

same i n s t a n t ,  during passage of t h e  s a t e l l i t e .  These Will be t h e  only observa- 

t i o n s  permitt ing a determination of the o r b i t a l  elements of t h e  s a t e l l i t e ,  a t  

t h e  same i n s t a n t  and by two d i f fe ren t  methods. 

servat ions permitt ing a ca lcu la t ion  of t h e  p o s i t i o n  of a given s ta t ion ,  when 

knowing t h e  pos i t ion  of two o ther  s ta t ions  o r  - r a t h e r  - a v e r i f i c a t i o n  by cal- 

cu la t ion  of t h e  known pos i t ion  of a given s t a t i o n ,  s t a r t i n g  from t h e  known posi- 

t i o n  o f  two o ther  s t a t i o n s .  

These Will a l s o  be the  only ob- 

Each s t a t i o n  Will have f a c i l i t i e s  f o r  receiving hour s igna ls  emitted by 

t h e  National Bureau of Standards since, f o r  i n t e r p r e t i n g  t h e  r e s u l t s ,  it i s  in- 

dispensable t o  know t h e  pos i t ion  o f  the sa te l l i t e  at  a prec ise  i n s t a n t  as a 

funct ion of one and t h e  same time reference, which must be known within about 

one millisecond, namely, Universal Time. 

It i s  expected t h a t  t h e  complete processing of a l l  d a t a  col lected i n  this 

m n n e r  will require about one and a half years '  work. 

measurements and observations dl1 be used f o r  various purposes: 

The results of the  

The Mathematics Department o f  the CNES will be charged with ca lcu la t ing  

t h e  ephemerides. 

i n  t h e  European geodetic system, based on a s implif ied model of t h e  terrestrial 

g r a v i t a t i o n a l  f i e l d  and on t h e  approximate pos i t ions  of  various s ta t ions .  

ca lcu la t ions  of trajectography will be made by t h e  Center at  Brhtigny as they 

receive t h e  interferometer and Doppler data;  it will not be possible  t o  keep 

t r a c k  of t h e  o p t i c a l  observations. 

An attempt Will be made t o  def ine t h e  o r b i t  of t h e  sa te l l i t e  

These 



The Bureau of Longitudes and the  Iileudon Observatory will have t h e  t a s k  of 

determining t h e  o r b i t a l  parameters of the s a t e l l i t e ,  from rad ioe lec t r i c  data, 

from o p t i c a l  observations and - i n  t h e  case of t h e  D-1C sa te l l i te  - from laser 

data.  

methods. 

This will permit a comparison of t h e  accuracy obtained With each of these  

I n  addition, t h e  information coming from an auxiliary Doppler o b s e r v a t i o n m  

s t a t i o n  wi l l  be analyzed. 

t h e  IYleudon Observatory (measuring and reduction of  t h e  negatives, and computa- 

t i o n s )  and by t h e  Bureau of Longitudes (processing of t h e  Doppler data and corn 

puta t ions)  . 
differ somewhat ( ana ly t i ca l  expression and numerical in tegra t ion) ,  so t h a t  t h e  

r e s u l t s  W i l l  be twice ve r i f i ab le .  

The t o t a l i t y  of these  s tud ie s  will be made j o i n t l y  by 

The computation methods, scheduled by t hese  two e s t a b l i s h e n t s ,  

The IGM and t h e  Bureau of Longitudes are s p e c i f i c a l l y  in t e re s t ed  i n  a veri- 

f i c a t i o n  of t h e  t r i angu la t ion  data tha t  could be obtained. 

of t h e  satel l i te  i s  defined, an attempt w i l l  be made t o  f i x  t h e  pos i t i on  of a 

given s t a t i o n  from o r b i t a l  da t a  and from t h e  pos i t i on  of two o the r  s t a t ions .  

' The Meudon Observatory and t h e  Bureau of  Longitudes Wil l  attempt t o  de- 

termine, over a long period of time (several months), t h e  va r i a t ions  i n  t h e  

o r b i t a l  parameters and t o  der ive from these  da ta  t h e  deformations suffered by 

t h e  satell i te o r b i t .  Also scheduled i s  t h e  construct ion of a char t  of  t h e  

ear th ' s  g rav i t a t iona l  f i e l d  f o r  t h e  regions covered by t h e  satel l i te  and, from 

this, t o  define t h e  pos i t i on  o f  t h e  center  of t h e  e a r t h  relative t o  t h e  sta- 

t i ons .  

Once t h e  t r a j e c t o r y  

V I I .  THE INSTRUMENT CAPSULE 

All measurements t h a t  will yie ld  da t a  on t h e  operat ion of t h e  t h i r d  s tage  
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o f  t h e  launch vehicle  and on a l l  operations of t h e  satell i te,  t h a t  must be 

e i t h e r  automatically fed  i n  o r  p r e s e t  before i n s e r t i o n  i n t o  o r b i t ,  Will be made 

by e lec t ronic  equipment not car r ied  on board t h e  sa te l l i t e  but placed i n  a 

spec ia l  capsule which connects t h e  th i rd  s tage  of t h e  launch vehicle  with t h e  

satell i te and which dl1 separate  f romthe  s a t e l l i t e  13 min after l i f t o f f .  

instrument capsule i s  a l s o  provided with a radar  responsor which operates  i n  

connection with t h e  Aquitaine radar,  erected a t  t h e  Harmnaguir Base, permitt ing 

posi t ion-f ixing of t h e  sa te l l i t e  so long as this i s  not y e t  separated from t h e  

capsule, including t h e  first approximate o r b i t  determination. 

This 

Thus, this module which weighs as much as t h e  s a t e l l i t e  (19 kg), has 

t h r e e  p r i n c i p a l  missions: 

Data co l lec t ion  on operat ion o f  t h e  t h i r d  s tage  of t h e  launch vehicle;  

t h e  capsule i s  equipped with its own telemetering system ( 5  channels). 

Chronological d i s t r i b u t i o n  of t he  comands t o  c e r t a i n  sa te l l i t e  equip- 

ment and cont ro l  of t h e  commanded operat ions during t h e  phase of o r b i t  

i n se r t ion ;  f o r  this purpose, the capsule c a r r i e s  an  e l ec t ron ic  pro- 

gramer. 

Position-fixing of t h e  space vehicle;  f o r  t h i s ,  t h e  module i s  equipped 

with a radar  responsor. 

This capsule, l i k e  the  s a t e l l i t e ,  has been designed t o  withstand t h e  rigor- 

ous environmental conditions t o  which it Will be subject  from t h e  moment of 

l i f t o f f .  

above-described method; only t h e  long-term vacuum tests were omitted, s ince t h e  

capsule i s  not intended f o r  prolonged operation i n  space environment. 

The capsule t e s t i n g  was similar t o  t h e  satel l i te  t e s t ing ,  using t h e  

7.1 S t ruc tu re  of  t h e  CawLLe 

The capsule, weighing 8 kg, forms a mechanical l i n k  between t h e  t h i r d  s tage 
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of  t h e  launch vehicle  and t h e  s a t e l l i t e  i t se l f .  

par t s :  

Basically,  i t  cons i s t s  of two 

A t runcated cone of magnesium alloy, attached t o  a c o l l a r  t h a t  serves  as 

mechanical support f o r  t h e  s a t e l l i t e  and t ransmits  t he  t h r u s t  of t h e  launch 

vehicle  t o  it. 

separat ion from t h e  satell i te,  including t h e  separat ion s t r i p ,  an e j ec t ion  

spring, and a device f o r  measuring t h e  separat ion veloci ty .  

i s  provided with t h e  yo-yo mechanism fo r  decelerat ing t h e  r o t a t i o n  of t h e  t o t a l  

assembly formed of t h i r d  stage,  instrument case, and satel l i te .  

On i t s  upper portion, this truncated cone c a r r i e s  t h e  system of 

The lower por t ion  

A platform composed of a c o l l a r  attached t o  the  forward s k i r t  of t h e  t h i r d  

s tage  and a base made i n t e g r a l  with the c o l l a r  by a p l a i t e d  Nylon thread lacing.  

This l ac ing  suppresses p r a c t i c a l l y  a l l  v ibra t ion  e f f e c t s  a t  frequencies above 

30 cps. 

as w e l l  as t h e  cables and e l e c t r i c  wires are mounted. 

To t h e  upper and lower faces of t h i s  base, various p ieces  of equipment, 

7.2 Power Supply 

The various pieces  of equipment o f  t h e  capsule a r e  f ed  by three  groups of 

b a t t e r i e s  and one s t a t i c  converter, conprising: 

A si lver-zinc ba t t e rg  feeds all instruments, except t h e  pyrotechnic 

c i r c u i t s  and the  timing mechanisms. 

Four b a t t e r i e s  are used f o r  feeding t h e  pyrotechnic c i r c u i t s  t h a t  con- 

t r o l  t h e  opening of t h e  nose cone, j e t t i son ing  of t h e  yo-yo, deployment 

of t h e  s a t e l l i t e  panels, and separat ion of t he  s a t e l l i t e  from t h e  cap- 

sule. 

Two b a t t e r i e s  autonomously feed t h e  two automatic timers of t h e  capsule. 
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7.3 Telemetry SY st em 

The five-channel telemetering equipment of  t he  F'M/FN r tAjax*t  type operates  

from l i f t o f f  of t h e  launch vehicle u n t i l  separa t ion  of the  t h i r d  stage,  beyond 

t h e  down-range s t a t i o n  i n  the  Republic of Lebanon. 

t ransmi ts  a l l  da ta  on t h e  t h i r d  s tage o f  t h e  launch vehicle,  t h e  angular velo- 

c i t i e s ,  and t h e  acce lera t ions  of t h e  system formed by t h i r d  s tage,  capsule, and 

satel l i te ,  as w e l l  as t h e  temperatures of t h e  instruments i n  t h e  capsule and 

t h e  vol tages  a t  t h e  terminals of t h e  various c i r c u i t s ;  o the r  da t a  are obtained 

on t h e  s ta r t  of  t he  automatic t imers arid on execution ~f t h e  cmmmds given br 

t h e  la t ter .  

Consequently, t he  equipment 

More exactly,  t h i s  equipment transmits t h e  following data:  

On t h e  first channel, da ta  on t h e  axial accelerat ion,  furnished by t h e  

accelerometer. 

On t h e  second channel, d a t a  on t h e  angular veloci ty  i n  yaw, furnished 

by one of t h e  th ree  gyrometers placed i n  t h e  box housing t h e  accelero- 

meter. 

On t h e  t h i r d  channel, da ta  on t h e  angular ve loc i ty  i n  p i t ch ,  furnished 

by t h e  second gyrometer. 

On t h e  four th  channel, da t a  on t h e  pressure i n  the  propulsive u n i t  of 

t h e  t h i r d  stage.  

On t h e  f i f t h  channel, 28 measurands i n  a l l :  

self i s  submultiplexed i n  PAM (pulse-amplitude modulation). The se- 

quent ia l  sampling i s  done i n  t h e  rhythm of 75 pe r  sec,  using 30 sub- 

channels. 

In f a c t ,  t h i s  channel it-B 

Thus, t h e  following are transmitted: two pressure da t a  i n  t h e  

chamber of t h e  t h i r d  s tage;  temperature of t h e  gyrometer u n i t  (which i s  

thermostated during t h e  countdown phase a t  the  ground, after which heat- 
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insu la ted  enclosures maintain t h e  es tab l i shed  equilibrium) ; temperature 

of  t he  telemetering un i t ;  temperature of t h e  radar  responsor and t h e  

ba t t e rg ;  feed vol tage of t h e  pickups, detectors ,  and timers, e tc .  I n  

addi t ion,  t he  PAM channel controls t h e  commands given by t h e  programer 

as w e l l  as t h e  execution of these commands. 

The t r ans i s to r i zed  t ransmi t te r  radiates a power of 2 w and t ransmits  on a 

The communication range, under r e l i a b l e  recept ion condi- frequency of 252 mc. 

t ions ,  i s  more than 2300 km f o r  t h e  Hammaguir s t a t i o n  and 1400 km f o r  t h e  down- 

range s t a t i o n  i n  Lebanon. 

The two quarter-wave antennas a re  staggered by SO", on t h e  cone of t h e  in-  

strument capsule. 

during t h e  t i m e  t h a t  t h e  nose cone of t he  t h i r d  s tage s t i l l  surrounds capsule 

and satel l i te .  

Each antenna i s  bent through 90°, t o  permit transmission 

7.4 Programer 

The operations t o  be executed by t h e  instrument capsule are s t a r t e d  i n  se- 

quence by two i d e n t i c a l  and independent e lec t ronic  timers, operat ing i n  p a r a l l e l  

and autonomously fed  by two ba t t e r i e s .  

7.5 Radar ResDonsor 

To increase t h e  t racking range of t h e  Aquitaine radar,  erected a t  t h e  

launching base a t  Hammaguir, t h e  instrument capsule has been provided with a 

radar responsor matched t o  radar  frequency (6000 mc, i .e . ,  a wavelength of 

5 cm). This radar responsor receives t h e  emitted s igna ls  and re-emits them a t  

an adjacent  frequency, after amplification and shaping. The re tu rn  s igna l  re- 

ceived by t h e  radar  i s  thus much stronger than i f  the  inc ident  s igna l  had been 



simply r e f l ec t ed  from t h e  ou te r  surface of t h e  capsule. 

t a h e  radar  t o  loca l i ze  t h e  capsule up t o  dis tances  of 2000 and even 2500 km. 

The antennas of t he  responsor are mounted t o  the  t h i r d  s tage  of t h e  launch ve-& 

hic le .  

mains i n t e g r a l  with the  capsule and with t h e  t h i r d  s tage  of t h e  Diamant. 

i t s  separation, t he  ground radar  i s  used only f o r  l oca l i z ing  t h e  capsule and 

t h e  t h i r d  stage,  which l a t t e r  by then a l so  has become a satel l i te .  Therefore, 

t h e  responsor i s  automatically stopped shor t ly  after passage above t h e  s t a t i o n  

of Beirut.  

as t h e  u n i t  of  t he  t h i r d  s tage p lus  capsule reappears on t h e  horizon w e s t  of 

Hammaguir . 

T h i s  enables t h e  Aqui- 

Thus, t he  satel l i te  can be local ized by t h e  radar  only as long as it re- 

After 

The responsor i s  res ta r ted  by means of  t h e  onboard programer as soon 

VIII. LAUNCHING AND OPERATING SCHEDULE 

The sa te l l i t e  D-1 w i l l  be launched from t h e  Algerian base a t  Hamaguir, 

using t h e  Diamant launch vehicle.  

b i t  of 506 la at  per igee and 2650 km a t  apogee, inc l ined  by 34' t o  t h e  Equator. 

Operation of t he  s a t e l l i t e  does not place any r e s t r i c t i o n s  on the  hour of 

launching. 

The s a t e l l i t e  will be placed i n  a nominal or- 

8.1 The Diamant Launch Vehicle 

T h i s  launch vehicle,  whose f i r s t  successful b l a s to f f  took place on November 

26, 1965 and of which t h e  scheduled launching w i l l  be t h e  second, was manu- 

fac tured  under t h e  management of t h e  Society f o r  Research and Development of 

B a l l i s t i c  Rockets (SEREB), under t h e  auspices of t h e  l f i n i s t e r i a l  Delegation f o r  

Armament ( D N A ) .  

The vehicle has  t h ree  stages,  with the  first using l i q u i d  propel lants  and 
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t h e  o the r  two, s o l i d  propel lants .  

i ous  Stones" vehicles  manufactured by the SEREB, with t h e  "Bneraude" consti-  

The vehicle  i s  t h e  last of a series of "Prec- 
, 

t u t i n g  t h e  first s tage of t h e  launch vehicle, t h e  "Topaze" cons t i tu t ing  t h e  

second s tage,  and t h e  ''Rubis" serving as bas i s  of t h e  t h i r d  stage.  The ove ra l l  

length of t h e  Diamant i s  19 m, a t  a t o t a l  mass of 18.4 tons.  

The two first s tages  are automatically p i lo t ed  but not guided, i.e., t h e  

launch vehicle  descr ibes  a nominal t r a j ec to ry  according t o  a program f ixed  i n  

advance and s tored i n  t h e  onboard programer. The t h i r d  s tage  i s  not automati- 

c a l l y  p i lo t ed  but simply s t ab i l i zed  at a ro t a t iona l  ve loc i ty  of 270 rpm about 

i t s  longi tudina l  ax is .  

The f irst  s tage  i s  control led i n  yaw and p i t c h  by means of a swivel nozzle. 

Control i n  r o l l  i s  ensured by aerodynamic f i n s  a t tached t o  t h e  rear s k i r t  of & 
t h e  s tage.  The d i r ec t iona l  s t a b i l i t y  of t h e  second s tage  i s  control led by rota- 

t i o n  of i t s  fou r  movable nozzles. 

1st Stage 2nd Stage 3rd Stage 

Length (m) .. ... . . . . . . 
Diameter (m) 

9 099 
1.4 . . . . . . . 

St ruc tu ra l  weight (kg) . 1950 ( s t e e l )  

Weight of propel lants  (kg) 12,762 
{nit;:; ac id  

Prop e l l a n t  s 
turpent ine 

Spec i f ic  impulse ( sec)  .. 233 
93 

Thrust (kN) . . . . . . . . . . . 274 
Combustion period ( sec)  . . 

4.71 1 
0 .E3 0.65 

670 ( s t e e l )  67.8 (g l a s s  
f i b e r )  

2260 61~1 

Isolane powder Isolane powder 
259 273 
44 45 

150 27-53 

The t h i r d  s tage i s  f irst  sui tably al igned over a n  e l ec t ron ic  balancing u n i t  

before being placed i n  ro ta t ion ,  a f t e r  which i t  i s  f i r e d .  This balancing 

o r i e n t s  t h e  s tage  i n  a d i r ec t ion  tha t  p r a c t i c a l l y  coincides with t h e  l o c a l  hori- 

zonta l  of t h e  i n s e r t i o n  poin t  e 



8.2 Preparation of t h e  Launch S i t e  and Launchin& 

On arrival a t  t h e  launch si te,  the  instrument capsule and t h e  s a t e l l i t e  are 

first checked i n  a laboratory.  

two units are assembled and mounted t o  t h e  top of t h e  t h i r d  s tage  of  t h e  launch 

vehicle.  

A t  t he  i n s t a n t  of readying t h e  Diamant, these 

From this moment on, t h e  controls  of t he  s a t e l l i t e  proceed bas i ca l ly  i n  

two manners: 

By umbilical  cords, attached t o  t h e  blockhouse near t h e  launch emplace- 

ment; these  cables car ry  the  feeding currents which p~=everit, ui-i-ixceaaa,-;. dis- 

charge of  t h e  b a t t e r i e s  and permit cer ta in  check tests. 

BJ telemetering from t h e  capsule and t h e  satel l i te ,  with t h e  da t a  received 

severa l  kilometers away f r o m  t he  launch pad i n  a spec ia l ly  equipped t ra i ler .  

T h i s  t ra i ler  t ruck contains two simplif ied telemetry receiving s t a t i o n s  as w e l l  

as simple switching means t h a t  permit a successive con t ro l  of t h e  main charac- 

t e r i s t i c s  t o  be monitored. The e n t i r e  unit i s  placed under automatic con t ro l  & 

by a small computer, which executes the cormnands i n  succession and checks whether 

t h e  r e s u l t s  are well within t h e  prescribed standards,  and which i s  a l so  used di- 

r e c t l y  f o r  making some computations. 

t o  convert t he  da t a  a r r iv ing  i n  t h e  form of frequencies ( t h e  telemetering i s  

coded by frequency modulation) i n t o  the corresponding physical  quant i ty  (vol t s ,  

amperes, degrees). 

One of these  mathematical operat ions i s  

This t ra i ler  and i t s  console have tracked t h e  satel l i te  s t ep  by s t ep  during 

i t s  in t eg ra t ion  and through a l l  of  i t s  tests. 

f u l l y  used during t h e  recent launching of t h e  FR-1. 

A similar uni t  has been success- 

In  t h e  f i n a l  seconds of countdown, t h e  umbilical  cord of t h e  sa te l l i t e  i s  

ejected;  t h a t  o f  t h e  instrument capsule fa l ls  away a t  t h e  i n s t a n t  of  l i f t o f f  of 
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t h e  launch vehicle.  

The sequence of events then i s  as follows: 

H% = 0 Fir ing  of  t h e  f irst  s tage  of t h e  launch vehicle  Diamant, 

which c a r r i e s  the sa te l l i t e  D-1 i n  i t s  nose cone; 

H + 94 sec Burnout of t h e  f i r s t  s tage  and separat ion;  

H + 95 sec F i r ing  of  t he  second s tage ;  

H + 139 sec Burnout of t h e  second s tage;  

H + &7 sec Fallaway of t h e  nose cone shielding t h e  satel l i te ;  

H + 162 sec Igni t ing  of t h e  balancing device; t h i s  operat ion takes  

90 sec and places t h e  vehic le  p a r a l l e l  t o  t h e  l o c a l  hori- 

zonta l  of t h e  point reached a t  t h e  i n s t a n t  of f i r i n g  t h e  

t h i r d  s tage;  

H + 280 sec S t a r t  of ro ta t ion  a t  a ve loc i ty  of 270 rpm; 

H + 295 sec Separation o f  the second and t h i r d  s tages ;  

H + 4-52 sec F i r ing  of t h e  t h i rd  s tage;  

H + 497 sec Burnout of t h e  t h i r d  s tage  and o r b i t  i n se r t ion ;  

H + 747 sec S t a r t  of operations comnanded by t h e  instrument capsule:/138 

j e t t i son ing  of the yo-yo; a t  t h i s  i n s t a n t ,  t h e  ve loc i ty  

of ro t a t ion  i s  reduced t o  35 rpm, 

cut-out of t h e  radar  responsor; 

cut-in of t he  transmitters and start  of t h e  geodesy ex- 

H + 767 sec periment, 

deployment of the s o l a r  panels;  

Separation o f t h e  s a t e l l i t e  D-1; 

Cut-out of operation of instrument capsule; 

1 
H + 787 sec 

H + 154.7 sec 

H + 6487 sec Cut-in of t h e  radar  responsor. 
3 H = T-time. 
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8.3 Determination of t h e  I n i t i a l  Orbit 

The Diamant, once f i r e d ,  i s  followed by a l a r g e  v a r i e t y  of t racking and 

telemetering f a c i l i t i e s .  

Aquitaine radar, combined w i t h  a computer (CLF;ES)++. 

Diane S t a t i o n  of H m g u i r  (CNES)  . 
Telemetry s t a t i o n  ( C I E E S )  n i t h  t h e  l a r g e  parabolic antenna "Cyclope" of  

The pr incipal  means used are given below: 

28 db gain. 

s tage  telemetered da ta  on t h e  245 mc band and t h e  telemetered da ta  of 

T h i s  s t a t i o n  receives t h e  second and t h i r d  s tage  i n t e r -  

t h e  instrument capsule on 252 mc; t h e  s ta t tor i  d r r s c t l y  d e m l t i p l e x e s  

some of t h e  channels t o  obtain h e d i a t e  da ta  on t h e  operat ion of c r i t i -  

c a l  po in ts  of t h e  rocket o r  of t h e  satell i te.  

Iris s t a t i o n  (CNES) which receives t h e  telemetered data  from t h e  satel- 

l i t e  on t h e  136 mc band and which also can demultiplex i n  real time 

c e r t a i n  parameters . 
Trac tor - t ra i le r  f u l l y  equipped with low-gain antennas, which permits 

t racking t h e  satel l i te  up t o  the radio horizon. 

t a ins  receivers  (150 and 4.00 mc) t h a t  permit checking on t h e  operation 

W s  trailer a l s o  con- 

of t h e  corresponding onboard eqdpment 

Telemetering s t a t i o n  i n s t a l l e d  on board t h e  Navy escort  vesse l  "Gu& 

prat te" ,  cruis ing i n  t h e  G u l f  o f  Gabks. 

Iris S t a t i o n  ( C N E S )  of Beirut. L2p 

Down-range s t a t i o n  ( C N E S )  of Beirut, equipped with a 12-db antenna f o r  

receiving data  from t h e  instrument capsule on 259 mc, with instantaneous 

decommutation, permitt ing a control  i n  r e a l  t i m e  of proper execution of 

deployment and separation. 

* C I E E S  = In te rserv ice  Testing Center f o r  Special  Rockets 



Receivers on 150 and 400 mc and corresponding antennas, a l so  i n s t a l l e d  

near t h e  CNES s t a t i o n  i n  Lebanon. 

In pr inc ip le ,  t h e  da ta  of t h e  Aquitaine radar,  r e l a t i v e  t o  t h e  beginning of 

t h e  b a l l i s t i c  phase which follows t h e  in se r t ion  i n t o  o r b i t ,  permit determining 

t h e  e n t i r e  o r b i t .  

t r a j e c t o r y  element. 

p red ic t ions  f o r  o rb i t i ng  are made. 

f a i l u r e ,  t h e  da ta  of t h e  Aquitaine r a d a r  are t ransmit ted by rad io te le type  t o  

t h e  computer center  at Br6tigny which thus performs t h e  same computations inde- 

pendently. 

are ab le  t o  de t ec t  c e r t a i n  e r r o r s  i n  the measurands t h a t ,  f o r  example, might be 

due t o  transmission, and thus t o  determine t h e  confidence l e v e l  f o r  t h e  obtained 

results. 

en t ly  good qual i ty ,  da ta  on t h e  Doppler e f f ec t  ( r a d i a l  ve loc i ty)  can be intro-  

duced i n t o  t h e  programs, as furnished by t h e  Iris s t a t i o n  at  Hammaguir, followed 

by the  Doppler da ta  from t h e  Iris s t a t ion  at Beirut and t h e  prec is ion  Doppler 

da ta  obtained, again at Beirut,  on 150 and 400 mc. 

A l l  launch operations are under the  auspices of CIEES, assisted by t h e  CNES 

The accuracy i s  grea te r  t h e  g r e a t e r  t h e  tracked length of t h e  

The radar  da ta  t h u s  represent t h e  bas ic  da t a  from which t h e  

To guard aga ins t  t h e  r i s k  of computer 

The two computer centers  have highly re f ined  programs ava i l ab le  t h a t  

If t h e  da ta  furnished by the Aquitaine radar  are not  of a s u f f i c i -  

over i t s  Computer Center and i t s  Operation Center a t  Br6tigny. 

of o r b i t  i n s e r t i o n  of t h e  satell i te,  t h e  CNES t akes  over t h e  r e spons ib i l i t y  of 

pos i t i on  f ix ing  and communications with t h e  satel l i te .  

From t h e  moment 

8.4 The S a t e l l i t e  i n  Orbi t  

We W i l l  only give t h e  bas ic  pr inc ip les  of t h e  organizat ion of operations,  

s ince  this i s  more o r  less t h e  same f o r  a l l  s a t e l l i t e s .  
pos i t ion  of t h e  

,h& 8.lc.l The t racking  means, permitt ing an accurate  determination of the ,  



sa te l l i t e  at  a given in s t an t ,  cons is t  of  t h e  Diane network comprising two sta- 

t ions ,  one a t  Hammaguir and one a t  Pr&oria. 

p r inc ip l e  of radio interferometry.  

accurate  data on t h e  d i r ec t ion  of t h e  satel l i te  relative t o  t h e  s t a t ion .  These 

data, combined with theo re t i ca l  considerations of c e l e s t i a l  mechanics t h a t  rule 

t h e  motion o f  t h e  satell i te,  permit a step-by-step improvement i n  t h e  de f in i t i on  

of t h e  o r b i t a l  parameters. 

These s t a t i o n s  are based on t h e  

A s  a funct ion of  time, they furn ish  highly 

8.4.2 The telemeterinn means comprise t h e  Iris s t a t i o n s  i n s t a l l e d  at  Ham- 

maguir, Ouagadougou, Brazzaville,  Prhtoria,  and Beirut.  The s t a t i o n  at  Br6tigny 

Will also be used, but  t h e  s a t e l l i t e  does not over f ly  this s t a t i o n  d i r e c t l y ,  and 

thus  it i s  not c e r t a i n  t h a t  useful  data can be obtained. These s t a t i o n s  are 611 

under t h e  management of t h e  Center of Operations a t  BrGtigqy which t ransmits  t o  

them t h e  predic t ions  of passage and t h e  measurements t o  be made over the  telex 

system. 

s igna ls .  

proximate measurement of c e r t a i n  parameters, such as - f o r  example - t h e  vol tage 

of t h e  battery whose monitoring requires extreme care. 

corded tapes  are routed over comercia1 E n e s  t o  t h e  da t a  processing center  at  

Brhtigny. 

Each s t a t i o n  records t h e  t e l eme t ry  s igna l  as w e l l  as prec is ion  time 

I n  c e r t a i n  cases, d i r e c t  visual cont ro l  i s  possible ,  y ie ld ing  an ap- 

I n  all cases, t h e  re- 

8.4.3 The remote control  operations are organized i n  the  same manner, ex- 

cept  t h a t  only two s t a t ions  can execute t h e  remote-control commands f o r  t he  D.1 

s a t e l l i t e -  These s t a t i o n s  are H m a g u i r  and Prhtor ia .  The satel l i te  i s  so 

l a i d  o u t  as t o  transmit, on t h e  average, one remote-controlled emission p e r  

o r b i t .  

IX. DATA PROCFSSING 

On arrival of t h e  tape  recordings by a i r c r a f t  a t  t h e  BrGtigny Center, they 
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a r e  re-assembled and checked a t  the  Gperations Center and then t ransmit ted t o  

t h e  da ta  processing center .  The tape  with s c i e n t i f i c  da t a  (Doppler e f f e c t )  will 

be processed by personnel responsible f o r  t h e  s c i e n t i f i c  experiment, while those 

having t o  do with operation of t h e  launch vehicle  ( te lemetry of t h e  instrument 

capsule) will be worked up by t h e  SEFBB. /kl 
These processing operations consist  i n  converting t h e  coded messages, t rans-  

mit ted by t h e  s a t e l l i t e  o r  by t h e  capsule, i n t o  numerical information. 

d i g i t a l  da t a  can then be processed d i r e c t l y  on a computer which can a l so  be used 

f o r  analyzing t h e  data.  

These 

The content of  t h e  magnetic tapes i s  d i s t r ibu ted  over seven t racks ,  s ince  

t h e  telemetering data  of t h e  D-1 s a t e l l i t e  are recorded th ree  times. 

9.1 The da ta  processina center  has t h e  funct ion not only of converting t h e  

analog recordings of t h e  telemetered data  i n t o  d i g i t a l  data t h a t  can be used 

d i r e c t l y  by t h e  computer but  a l so  of correct ing any defec ts  t h a t  were in t ro-  

duced from t h e  modulation on board the  s a t e l l i t e  t o  t h e  recording a t  the  ground. 

This Center i s  equipped with numerous apparatus s ince  each sa te l l i t e  has i t s  

own telemetering equipment, and a processing console i s  required f o r  each type 

of telemetered da ta  (PAK/l% telemetry of t h e  s a t e l l i t e  F2-1 used a l s o  f o r  t h e  

instrument capsule, and PF" telemetry f o r  t h e  s a t e l l i t e s  D-l)* 

9.2 The computer center  w i l l  be charged with processing a l l  numerical t apes  

of  telemetering and pos i t i on  f ix ing .  

VeOl computers. 

This Center i s  equipped with IEN 704.0 and 

Since 1964, a c e r t a i n  number of programs are underway f o r  developing pro- 

cessing methods of sa te l l i te  data, e i t h e r  of t h e  tel-emetering o r  posi t ion-f ixing 

types. Spec i f ica l ly ,  fou r  mathematical programs were es tab l i shed  f o r  sa te l l i t e  

t racking:  
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The program of in i t ia l  o r b i t  determination, based on da ta  furnished by 

t h e  radar  of t h e  launch site, permits a preliminary evaluation of  the  

point  of o r b i t  i n s e r t i o n  and diagnostics of s a t e l l i t e  separation. 

The program of d i f f e r e n t i a l  correction of t h e  i n s e r t i o n  parameters pro- 

cesses t h e  data  col lected during t h e  f irst  o r b i t s  ( interferometer  

measurements, o p t i c a l  measurements, Doppler curve) and permits a bet ter  

d e f i n i t i o n  of t h e  point  of o r b i t  inser t ion .  

The program of d i f f e r e n t i a l  correction of t h e  o r b i t a l  parameters, 

based on measurements made by the interferometer  s t a t i o n s  over a period 

of e ight  days, permits an accurate reconstruct ion of t h e  s a t e l l i t e  tra- 

jectory.  

done i n  several  stages: The t h e o r e t i c a l  o r b i t ,  calculated i n  advance 

and permitt ing an approximate predict ion of t h e  satel l i te  passage above 

t h e  s ta t ions ,  i s  first corrected by means of measurements made during 

t h e  i n i t i a l  phase of o r b i t a l  f l i g h t .  However, a much greater accuracy 

i s  obtained by adjust ing the  values measured by t h e  interferometers  t o  

t h i s  first appro-tion. 

ephemerides; after a period of several  days, t h e r e  i s  no f u r t h e r  need 

t o  take measurements during all passages; however, t h e  o r b i t  which de- 

forms i n  time i s  constantly monitored. 

The program of l o c a l  ephemerides, f o r  an observation s t a t i o n ,  y i e l d s  t h e  

coordinates and t i m e  of passage of t h e  s a t e l l i t e  over t h e  o t h e r  s ta t ions .  

J4.2 

I n  f a c t ,  a prec ise  determination of t h e  satel l i te  o r b i t  i s  

This W i l l  g r e a t l y  improve t h e  qua l i ty  of t h e  

Thus, these preliminary s tudies  of t h e  Computer Center, combined with t h e  

development of da ta  processing of the onboard measurements, should rapidly y ie ld  

accurate  information on t h e  tra,jectory of t h e  sa te l l i t e  as well as on i t s  opera- 

t i o n  i n  space. 
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X. CHARACTERISTICS OF THE L 1 A  SATELLITE 

Weight (gm) 
Struc ture  7132 

Cylinder: honeycomb d l d n u m  s t r u c t u r e  with shee t  
magnesium sk in  

Cap and base: magnesium 

Supporting panels of s o l a r  c e l l s :  aluminum 

Antennas: aluminum 

Aluminum a l loy ,  52% 

N2gnesi1.m alloy, 39% 

Titanium, 2% 

Stee l ,  2% 

Cables (connections and wires) 

Coatings 

Gold 

1200 & 

200 

Paint  200 

Solar  Renerator 

2304 photovoltaic s i l i c o n  c e l l s ,  d i s t r ibu ted  over 
t h e  two faces  of t h e  four panels  306 5 

Batt em 

Eight nickel-cadmium elements, r a t ed  capacity 3.5 anp-hr 194-1 

Modular e cwbment-x- 

Telemetry t ransmi t te r  (1; 720) 

encoder (3; 240) 

Remote cont ro l  receiver  (1; 100) 
decoder (1; off-power, 8 - 

interrogat ion,  12) 675 

x- The numerals i n  parentheses represent t h e  number of modules of t h e  u n i t  and 
t h e  consumption ( i n  mw) . 



Weight (gm) 

Converters main (11, rated output, 66.7% 

secondary (11, ra ted  output,  35.25 

Programer (1; i n  "stop" s a t e l l i t e ,  34. - i n  ''go", 69) 

Onboard cont ro l  measurements (1) 

Transmitter f o r  geodesy, operating on remote-control 
commands (1; less than 1100) 

Charge monitor f o r  ba t t e ry  (1) 

Nonmodular e l ec t ron ic  equipment 

High-stabil i ty o s c i l l a t o r ,  consumption l e s s  than 500 mW 

All-up weight of t h e  s a t e l l i t e :  19.270 rn 

May 9, 1962 

August 1962 

December 1962 

1963 

April 20, 1963 

J . l y  1963 . 

X I .  HISTORY OF THE D-1 PROGRAM 

619 

339 

520 

400 

540 

352 

Agreement signed between CNES and DMA f o r  manufacture 

and t e s t i n g  of t h e  sa te l l i t e  launch vehicle  Diamant. 

Research and development cont rac ts  f o r  solar c e l l s .  

"Proposal f o r  a satel l i te  Diamant of 35 kgtr (Satel-  

l i t e  Division of t he  CNES). 

Studies of advance p ro jec t s  of t h e  satel l i te .  

Recommendation by t h e  S c i e n t i f i c  Cormittee of t h e  

CNES f o r  building an experimental geodesy satell i te.  

Contract f o r  "instrument capsule". 

Contract f o r  h igh-s tab i l i ty  o s c i l l a t o r .  

Sept. 18, 1963 Submission of t h e  D-1 program t o  t h e  launch-vehicle 

au thor i t ies ,  including s t ruc tu re  and instrument cap- 

sule. Study of common problems. 
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Decenber 1963 Specif icat ions f o r  t h e  D-1 s a t e l l i t e .  

Contract f o r  s t ruc tu re .  

Selection, ordering and r ece ip t  of t h e  sa te l l i t e  

equipment . 
Contracts l e t  i n  April,  May, and June. 

This equipment, designed by t h e  S a t e l l i t e  Division of 

t h e  CNES, was manufactured by French i n d u s t r i a l  firms 

e i t h e r  on the bas i s  of an i n v i t a t i o n  t o  bid specif i -  

c a l l y  f o r  the D-1 (telemetry,  geodesy t ransmi t te rs )  

o r  i n  accordance with o lde r  submissions of  proposals 

f o r  t h e  FR-1 s a t e l l i t e  (remote control,  converters, 

programer). 

ordered from t h e  French firms t h a t  had s tudied and de- 

veloped these p ieces  of  equipment under a research 

contract  by t h e  CNES. 

1964 

The b a t t e r i e s  and t h e  generator were 

196 5 In tegra t ion  of t h e  various s a t e l l i t e  models, followed 

by qual i f ica t ion  o r  r e l i a b i l i t y  t e s t s .  

F ina l  assembly "on t h e  drawing board", 

Research and development contract  by the  C€JES-SEREB 

f o r  adaptation of t h e  Diamant launch vehicle elements 

t o  t h e  s a t e l l i t e s  produced by t h e  CNES. 

Launching of t h e  Rubis 01  rocket+*, carrying t h e  in- 

strument capsule and a ballast mockup of t h e  D-1 

s a t e l l i t e  . 
Integrat ion of  t he  f l i g h t  model. 

February 1965 

Apri l  1965 

A%.-Sept., 1965 

June 5, 1965 

x- See La Recherche Spat ia le ,  Vol.IV, No.8-9, p.13. 
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September 1965 

October 1965 

Launching o f t h e  Rubis 02 rockets-, carrying a second 

instrument capsule and a radioastronoqy experimental 

capsule. 

Compatibility tests of s a t e l l i t e  and launch vehic le  

a t  t h e  Finalizing Center f o r  Propulsive Units and 

Rockets (CAPE) of Saint-Midard (Gironde) . 
Tests of the  f l i g h t  model. 

November 26, 1965 Launching of t h e  A-1 experimental capsule, ca r r i ed  by 

t h e  first Diamant-x+-. 

Launching of t h e  D-IA. February 1966 

X I I .  UST OF PROJECT CONTRACTORS 

Instrument capsule 

Management, s t ruc ture ,  t e s t s ,  

test  bed 

Casting of t h e  main p a r t s  i n  

magnesium 

Instrument capsule with 

th ree  gyrometers and one 

accelerometer 

Springs 

Ivlagnetokinemometer and 

Electronique Narcel Dassault, 

E.M.D., 55, quai Carnot, 

(92) Saint-Cloud 

Messier, (64) Arudy 

Soci6t6 d* Applications G&n&ales 

d 'E lec t r i c i t6  e t  de M&anique, 

SAGEM, 6, av. dTIhna, Pa r i s  16e 

Bonatre, 9, rue des bngues-Raies, 

(92) Puteaux 

C.R.A.M., 8, rue Jean Moulin, (95) 

@ 

-x- See h Recherche Spat ia le ,  Vol.IV, No.11, p.53. 

-E+ See k Recherche Spat ia le ,  Vol.V, No.1, p.11. 
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mechanical t imers 

Yo-yo and various magnesium 

sheet ings 

S a t e l l i t e  

Structure ,  panels f o r  s o l a r  

c e l l s  and antennas 

Solar  panels, honeycomb, 

platform f o r  equipment and 

f e r r u l e  

Protect ion of p a r t s  

Thrust bearings f o r  panels 

Module and ba t t e ry  casings 

Solar  generator ( c e l l s  and 

assembly), eqe r imen ta l  

p l a t e  f o r  solar c e l l s  

Nickel-cadmium b a t t e r i e s  

Bat tery charge monitor 

Converters 

Argent eui l  

Etudes e t  Constructions A&onautiques, 

ECA, 304, av. d'Argenteui.1, (92) 

As ni&e s 

, 

Engins Katra, 27, quai de Boulogne, 

(92) Boulogne-sur-Seine 

Soci6t6 Brhguet, B.P. 12, (92) 

Velizy-Villacoublay 

Soci&& Vauriac, 121, av. Roche, 

(92) Gennevi l l iers  

S.L.I.C., 110, rue Daguessaut, 

(92) Boulogne-Billancourt 

C.T.L., 7 ,  rue de ITEglise, 

(91) Morangis 

Soci6t6 Anonyme d e  T6l&omunications, 

SAT, 41, rue Cantagrel, P a r i s  13e 

Socigth des Accumulateurs Fixes e t  de 

Traction, SAFT, 156, av. de Metz, 

(93) Romainville 

Electronique Marcel Dassault, 

E.M.D., 55, quai Carnot, 

(92) Saint-Cloud 

Compagnie Crouzet, (26) Valence 

# 
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Programer, p ro tec t ion  system Compagnie Crouzet, (26) Valence 

f o r  b a t t e r i e s  

Telemetry t ransmi t te r  Soci6t6 Sud-Aviation, Laboratoire 

de Physique Appliqu&e, L.P.A., 

12, rue Pasteur, (92) Suresnes 

Telemetry system (PFM encoder) SociGt6 df Instrumentation 

Receiver and decoder f o r  

remote cont ro l  

High-stabil i ty o s c i l l a t o r  

150 and 400-mc t ransmi t te rs  

f o r  geodesic measurements 

Connection between capsule 

and satel l i te  

Thermal cont ro l  coatings 

(heat  sh i e ld )  

Awdliam e d p m e n t  

Automatic tes t  bed 

Dig i t a l  computer 

, 
Schlumberger/Rochar Elect  roni que, 42, 

rue Saint-Dominique, Paris 

Compagnie Franyaise Thornson-Houston, 

C.F.T.H., Division Radio-T&l&vision- 

T616comunication R.T.T., (92) 

Gennevi l l iers  

Compagnie g6n;rale de t616graphie /1,8 

sans f i l ,  C.S.F., Dgpartement de 

Pi6zo-Glect r i c i  t 6 ,  ( 92) Courbevoi e 

Compagnie g&n&ale de tGl&graphie 

sans f i l ,  C.S.F., Domaine de 

Corbeville, (91) Orsay 

Etablissements F.R.B., 3 ,  rue des 

Tilleuls, (92) Asnikres 

Soci& des vernis  Pyrolac, av. de 

Jo inv i l l e ,  (94) Vitry-sur-Seine 

, 

Compagnie des Compteurs, C.D.C., 

(92) Montrouge 

SociGt6 Europ6enne pour l e  Traitement 



de l f lnformation,  SETI, 100, route  de 

Par i s ,  (91) Massy 

Antenna of t r a i l e r  Portenseigne, 82, rue  Manin, 

Paris 19e 

Trailer f o r  t es t  bed Dorsey/Spair, a, rue du 

Rocher, Pa r i s  

Maintenance materiel f o r  t h e  Scmateco, 58, av. Ar is t ide  Briand, 

s a t e l l i t e  (93) Gagw 

Telemetry and remote control  Coxnpagnie gGn6rale de tGl6graphie 

s t a t ion ,  Iris sans f i l ,  C.S.F., Parc du Chgteau de  

Rocquencourt, B.P. N0.2000, ('78) 

Versailles 

ELECEA (Division Electronique de /& 
l a  SNECMA), 22, quai G a l l i & i ,  (92) 

Suresnes 

Nord-Aviation, 12  b is ,  Av. 

Bosquet, Pa r i s  7e 

Ccmpagrie Indus t r i e l l e  des 

T&communicaticns, CIT, 33, 

rue Eheriau, Paris 15e 

A6romari t i m e  Elec t  ro n i  que, 

5'7, av. dfI&a,  Pa r i s  16e 

AIPM, 113, rue de l fUn ive r s i t6 ,  

P a r i s  

SociGt6 dfEtudes de R6al isat ion 

dfEkplo i ta t ions  Thermiques e t  

, 

r 

# 

c 
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Doppler rece iver  (Lebanon 

S t a t  ion)  

- 150 mc 

- 400 mc 

Diane t racking s t a t ions  

Space simulator 

Electr iques,  SERETE, 164, rue de 

Rivoli ,  P a r i s  ler 

Soci6t6 G&rale d ' lkp lo i ta t ion  

Indus t r i e l l e ,  SOGEI, 4 ,  rue 

dfAguesseau, P a r i s  8e 

Soci&& dfen t r ep r i se s  g6n6rales e t  

&lectroniques,  SONECTRO, 27, rue de 

Iar ignan,  Pa r i s  8e 

Compagnie gGn6rale de tGl6graphie 

sans f i l ,  C.S.F., Domaine de 

Corbeville, (91) Orsay 

Soci6t6 Sud-Aviation, Iabora to i re  

de Physique AppliquGe, L.P.A., 12, 

rue Pasteur, ( 9 2 )  Suresnes 

Compagnie FranFai se Thomson- Hous ton, & 
C.F.T.H., 173, Blvd, Hanssmann, 

P a r i s  8e 

Soci6t 6 Technique d f Applications 

e t  de Recherches Electroniques, 
, 

STAREC, 12-l.!+, av. Carnot, (91) 

Piassy 

Soci& df6tudes e t  dfApplications 

Vide Optique N&anique, SEAVON, 30, 

rue Raspail  ( 9 5 )  Argenteuil 

53 



Sotelllte D-1 A. 
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